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EVALUATION GUIDELINESFOR BRT
DEMONSTRATION PROJECTS

Chapter 1. Overview of Evaluation Guidelines

A. Background

The Federd Trandt Adminigration’s (FTA) Bus Rapid Trandt Demondration Program is
supporting demongtrations of Bus Rapid Trangt (BRT) in sdected cities across the United
States (U.S). The US BRT Demondration Program ams to adgpt the principles of highly
successful BRT systems, such as those of Curitiba, Brazil; Lyons, France; and Nagoya, Japan,
to U.S. conditions, laws, and ingtitutions. It will develop a U.S. gpproach to deding with
exiging auto traffic both in the BRT corridor and cross Streets, on-street parking, turn conflicts,
traffic sgna preference for buses, speedier fare collection and boarding, vehicle control,
information, marketing, and land use and development, to serve as amodd for American transit
operaors, traffic engineers, and city officids conddering BRT for their cities.

A primary goa of the BRT Demongration Program is to assess the demondration projects
through scientific evduatiion. Only by carefully documenting and andyzing their effects and
features will it be possble to determine which aspects of BRT are mogt effective in which
contexts, that is, the type of service and facility offered, the levd of trangt demand, the Sze of
the region, and other factors. To maximize the effectiveness of these demondrations, a
consstent, carefully structured gpproach to project evauation, as set forth in these Evauation
Guiddines, isdesrable.

Participants in the BRT Demongtration Program are required to assst the FTA in monitoring in
detail the experiences of their BRT implementations, collecting data, and preparing evaudtion
reports to document developments.  Such information together with the opportunity for trangt
planners to vidt operating U.S. BRT dtes will &cilitate the development of BRT at other
locationsin the U.S.

B. Purpose

This document presents guidelines for planning, implementing, and reporting the findings of an
evauation of a BRT implementation Ste sdected for the FTA BRT Demondration Program
Although these evaduation guiddines are intended for use by organizations engaged by the FTA
or by the Research and Specid Programs Adminisration/Volpe National Trangportation
Systems Center (Volpe Center) to evduate the BRT demongtrations, they will aso be useful to
date and loca organizations independently designing and evaluaing BRT systems.

An objective of these guiddinesisto foster consistency of evauation philosophy and techniques,
and comparability and transferability of results, to make cross-cutting studies of BRT fegtures
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across varying settings possible, and to improve the qudity and utility of information obtained
from the BRT Demondration Program. The guiddines are designed to emphasize the
asessment of the Program’'s nationd objectives as well as those of the state and loca
implementing agencies.

This document will provide a common framework and methodology for developing and then
executing the evauation of individud BRT demondrations. These evduation guiddines are by
no means comprehendve — that is, they do not offer a suggested or preferred course of action
for every conceivable stuation that might arise. Nor are they to be rigidly or blindly followed,
snce each demongration and each site will be unique and will require somewhat tailor-made
evaluation procedures.

C. Organization

Thisoverview of the Evauation Guiddinesisfollowed by Chapter 2 which gives an overview of
the FTA's BRT Demondration Program highlighting FTA objectives of the Program and
gonificat features of BRT; Chapter 3 which describes the evauation process including the
evauation objectives, evauation criteria, roles of participants, and evauation phases, Chapters
4 through 8 which detall respectively, the five aspects of evauation planning: the evauation
frame of reference, establishing the baseline or control, performance measures, data collection,
processing and anayss methods, and the report outling; and Chapter 9 which discusses
activities associated with implementing the eva uation.

Chapter 2. BRT Demonstration Program Overview

A. Objectives of BRT

BRT is conagent with FTA Strrategic Plan gods of improving mobility and accessibility and
providing efficient transportation. FTA intends for the BRT Demongration Program to address
a number of trandt issues and to improve bus service, operations, and ridership. Specific
objectives of the Program include:

Improve bus speeds and schedule adherence. Perhgps the most fundamentd
expected result of a BRT demongtration would be an improvement in travel times and
schedule adherence due to the lack of impediments to bus movement dong exclusive
bus lanes or busways. Bus speeds would be expected to improve not only in absolute
terms, but dso relative to the automobile traffic that pardlesthe exclusve lanes and to
regular bus service on that same street or in pardle corridors.

Increase ridership due to improved bus speeds, schedule adherence and
convenience. Customers who use buses infrequently might ride more often, and some
automobile usars might convert to trandt. An improvement in bus speeds might be
noticeable to drivers of other vehicles, presenting a podtive image of trangt as an
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dterndive to driving. BRT may dso hdp retain riders who otherwise might have
changed modes due to sow bus speeds.

Mimimize the effect of BRT on other traffic and local businesses. If the creation of
exclusve bus lanes reduces the number of lanes available for other traffic, then the
possibility of increased congestion on the roadways is raised. Traffic flow on cross
dreets and oncoming left-turning traffic across the bus lanes may be disrupted as buses
use their Sgna priority to travel unimpeded through intersections. Increased conflicts
between buses and automobiles crossing exclusive bus lanes may dso have safety
implications. One of the challenges of implementing an exclusive bus lane would be to
minimize this disruption while maintaining safety.  Further, mobility on dternate routes
may deteriorate, as drivers seek ways to avoid roads with exclusve bus lanes. On the
other hand, successful BRT systems may convert enough new riders from automobile
use to reduce traffic congestion.

BRT systems that impose parking redtrictions dong exclusive bus lanes may initidly be
perceived as creating hardships for adjacent businesses; in time, however, BRT sarvice
may aitract enough new pedestrian activity to boost the patronage of nearby
busnesses. Parking redtrictions necessary for exclusve bus lanes may dso hep
greamline the movemert of dl traffic in generd.

Isolate the effect of each BRT feature on bus speed and other traffic. FTA would
like to assess the rdative contribution of each component of a BRT system to
determine its impact. Components of particular interest are exclusive bus lanes, sgnd
preemption, fare collection methods, same-level boarding, and off- street bus terminds
and trandfer facilitiesin center city.

Assess the benefits of Intelligent Transportation Systems/Automated Public
Transportation Systems (ITSYAPTS) applications to the demonstration. Because
of itsinvolvement in the Federd ITS/APTS program, FTA isespecidly interested in the
effectiveness of these technologies in this demondration. Applications of particular
interest are signd priority systems for buses, smart card fare media, precison docking
systems for buses, tight termind guidance systems, automatic vehicle location (AVL),
advanced communications systems, and exclusive bus lane enforcement systems.

Assess the effect of BRT on land use and development. It is expected that a full-
festured BRT system that includes exclusve lanes and/or roadways, eaborate bus
sops, terminds or transfer facilities will be regarded by the generd public, developers
and investors as permanent and as sgnificant as other fixed guideway facilities. Such a
BRT system could be expected to have land use effects smilar to those of rall systems.
It may take some time, however, for these effects to be redized. BRT systems of

lesser significance and gppearance of permanency would likely have lesser or no land
use impacts.

The participating trangt agencies, local and state governments, and other organizations that have
a dake in the demongtration may aso have goas and objectives for the program that need to be
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asesd in the course of the evaluation. Data collection needs for these assessments must be
factored into the overdl evauation plan.

In assessing the degree to which a BRT demongtration meets the above objectives, it is dso
important to weigh the redized benefits and impacts of the various features of the BRT
implementation againgt their associated costs.  Of great concern to the FTA and to any
organization involved in providing bus service is getting the most benefit for the traveling public
within the confines of ther limited resources (tax dollars, operating subsdies and revenues).
Those features that provide the greatest benefit for the least cost should emerge from the
evauation.

B. BRT Features

The lig of potentid features of BRT implementations is long, and not dl make equd
contributions in achieving BRT goas. A BRT evauation needs to make a distinction between
the defining and auxiliary feetures of a BRT demondration in dlocating evauation resources.
The depth of the evaluation effort on a specific BRT feature should be commensurate with its
importance to the BRT concept at aSte.

Low-cogt investments in infrastructure, equipment, operationa improvements, advanced bus
technologies and intdligent trangportation systems can provide the foundation for BRT systems
that substantidly upgrade bus system performance. Improved bus service in the context of a
BRT demondtration would give priority trestment to buses on urban roadways and would be
expected to include some or dl of the following festures:

Bus lanes: Lanes on urban arterids or city Streets are reserved for the exclusive or
near-exclusve use of buses. The lanes may be located on the curbsde or in the
roadway median, or they may be set up as contra-flow lanes. Curbsde lanes may be
implemented on one- or two-way Sreets and may sometimes accommodate right-
turning generd-purpose traffic. Median lanes and contra-flow lanes are located in the
middle of two-way dtreets and may need to accommodate left-turning vehides. Bus
lanes can adso be created in abandoned rall rights of way. Studies show that dedicated
lanes can improve bus operating speeds by 40 percent through the imination of delays
asociated with traffic congestion and right-turning traffic, with sgnas remaining the only
source of traffic delay.

Bus streets and busways. A bus street or trangt mall can be created in an urban center
by dedicating dl lanes of a city Street to the exclusve use of buses. Streets are suited
for converdon to exclusve trangt use only if they are not necessary to provide routine
access to buildings by generd- purpose traffic. Busways connecting urban centers with
the suburbs can be created on or adjacent to highways, on arterid dreets, or in
abandoned ral rights of way. Bus streets and busways provide for the greatest
improvement in bus service by diminating conflicts with generd-purpose traffic.

Passenger amenities and information: The operationd and travel time benefits
resulting from the separation of buses from genera-purpose traffic can be augmented
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with improved bus shdters and sations. These facilities provide protection from the
elements. They can be equipped to provide safety equipment and systems that furnish
information such as printed routes and schedules or eectronicdly transmitted red time
schedule data. Space can also be leased to commercial convenience services.

Bus signal preference and preemption: Preferentia trestment of buses at intersections
can involve the extensdon of green time or actuation of the green light & sgndized
intersections upon detection of an gpproaching bus. Intersection priority can be
particularly helpful when implemented in conjunction with bus lanes or streets, because
generd- purpose traffic does not intervene between buses and traffic Sgnals.

Limited stop operations. Limiting the number of sops on a route may have the
greatest pogitive effect of any sngle BRT feature on system performance and efficiency.
Certainly that has dways been the judtification for offering traditiona express service as
an dternative to local service. In the context of BRT, different Strategies for the location
of bus stops apply depending on the type of sysem. On busways where buses may
attain reatively high speeds because they operate unimpeded by other traffic, each bus
stop accounts for a ggnificant portion of the totd trip time. To maintain the primary
benefit of a busway, that is, bus speed improvement, bus stops are located sparingly
only at stations and mgjor transfer points. In contrast, on a buslane on an urban arterid
or city street, more stops can be accommodated, such as every other or every third
locd bus stop, while till offering Sgnificant improvements over locd service.

Traffic management improvements Low-cost infrastructure eements that can
increase the speed and reiability of bus service, as well asimprove traffic flow for other
vehicles, include bus turnouts, bus boarding idands, curb redignments, and bus lanes
and sgnding technology for intersection queue jJumping.

Faster boarding: Conventiona ontboard collection of fares dows the boarding
process, particularly when avariety of faresis collected for different destinations and/or
classes of passengers. An dternative would be the collection of fares upon entering an
enclosed bus dation or shelter area prior to bus arivas. This sysem would alow
passengers to board through al doors of a stopped bus. A sdf-service or “proof-of-
payment” system aso would alow for boarding through al doors, but poses sgnificant
enforcement chalenges. Pre-paid “smart” cards providing for automated fare collection
gpeed fare transactions, but require that boarding remain restricted to the front door of
the bus.

Another impediment to reducing boarding time is the height difference between ground
level and conventiona buses, as most passengers are required to climb severa steps,
and passengers using whedlchairs can enter the bus only with the assstance of lift
equipment, the operation of which is time-consuming. Changes in bus or platform
design that could provide for level boarding, such as low-floor buses, raised platforms,
or some combination thereof, could make boarding both faster and easier for dl

passengers.
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Advanced bus technologies and other intelligent technologies: ITSAPTS
technologies can reduce operating and maintenance codts, improve safety, enhance
intermodd transfers, and provide passenger information, al of which contribute to faster
and safer trangit trips. Precison docking systems, tight termina guidance systems, and
on board bus stop announcements reduce time spent at bus stops. Redl-time passenger
information kiosks and bus arivd announcements a stops, dong with increased
reliability of service, enable passengers to time their trips more efficiently. On board
computerized maintenance monitors help reduce unexpected downtime. Smart cards
and other automatic fare collection media, dong with well-designed stations, can speed
up transfers. AVL and advanced communications systems insure service reliability and
efficiency, and reduce delays due to emergencies and breakdowns.

Integration of transit development with land use policy: BRT supports trangt-
oriented developments (TODs). TODs are high dendity areas or corridors developed
with building Ste and Street designs that favor trandt and pededtrian usage. A wdl-
desgned BRT sysem can provide high-qudity service that can compete with
automobiles in terms of trave time and convenience, paticularly in TODs. The
clugtering of development has the additional benefit of conserving land and promoting
the vitality of neighborhoods and urban commercia centers. BRT can be most effective
when integrated within a broader planning framework encompassing land use policies,
zoning regulations, and economic and community devel opment.

Incremental development: BRT features can be phased in stages to relieve budgetary
pressures on trandt agencies. As each of the various components of BRT is
implemented, such as exclusive bus lanes, sgnd preference, and improved boarding and
fare collection, the operator can redize incrementa benefits.

Image and marketing: The image and marketing of a new BRT sysem play an
important role in attracting riders and converting automobile users to transt. The tota
look and presentation of a new BRT system should easily differentiate it from regular
bus service. A well-conceived BRT image will denote speed, comfort, convenience,
and ease of use, and will integrate the appearance of al aspects of the sysem, induding
its name, color scheme of buses and bus stops, logo, signage and printed information.
Loca marketing is especidly important to get the word out to both current and potential
riders.

Chapter 3. Evaluation Process

A. Evaluation Objectives

As daed inthe Federal Register notice announcing the BRT Demondtration Program, the FTA
evauation objectives are:

to document what happened and why,
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to measure project impacts and costs,

to identify successful and unsuccessful aspects of the demongtration, and how they were
influenced by Ste-specific characterigtics,

to determine if the demongtration met FTA and loca gods and objectives, and

to determine lessons learned that can be applied to other BRT projects and trangt
sysems. An evduation rot only helps others learn from the demondration, but dso
helpsthe involved parties to improve their own systems.

The trangit agency sponsoring the demongtration and other local sponsoring organizations may
have additiond objectives for the evauation.

B. Evaluation Criteria

The evduation criteria are the aspects of a BRT demondtration project that will be examined to
determine how successful the project isin accomplishing its objectives:

Travel times and schedule adherence: There are many issues associated with these
two parameters. It is important to consder tota travel time, which consists of access,
walt, trandfer, in-vehicle, and egresstime.  Invehicle time can be further broken down
into travel time (when the vehicle is moving), time stopped at traffic sgnds, and dwell
time at bus stops (deboarding and boarding time plus time waiting to merge with traffic
in cases where there are no exclusive lanes). Most people attach different vaues to the
different components of time, with in-vehicle ime fet to be the leest onerous, and
waiting time the most onerous.

The schedule adherence or reigbility of service can be seen ether as an independent
parameter or as a component of the measurement of travel time, but in any case is
measured by “delay,” that isthe difference between the actud and scheduled arriva of a
bus & a stop. Sources of delay may range from heavier than normal generd traffic to
bus breskdowns. Irregular service leads to increases in mean waiting times. By
definition, irregular service aso increases the variance of travel times, which may in itsdf
be an important factor. For example, some riders may seek other means of
trangportation rather than use a bus whose arrivd time varies significantly from day to
day.

Irregular service aso affects vehicle loading. Heavy crush loads due to gaps in service
can lead to further delays, as boarding and dighting are dowed. At the extreme,
passengers are passed by and must wait until the next vehicle arrives. Transt headways
are inherently ungtable; a control strategy is generdly required to insure regular service

and reduce waiting times. Punctud service is dso important when transfers are
common.

Reducing the number of stops, a typica BRT drategy, decreases in-vehide time but
increases access time. This trade-off must be evduated carefully. On the other hand,
reducing vehicle dwell time (the time spent at a stop while passengers are boarding or
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aighting or while waiting to get back into traffic) has no downsde. Reductionsin dwell
time can come from changes in vehicle design, station design to accommodate the new
vehicles, fare collection policy, sop location, and stop design. A priority merge rule can
speed the movement of buses back into the traffic lane. Improvementsin the regularity
of sarvice can dso reduce dwell time by reducing the incidence of crush loading.

Because trave times and schedule adherence ae inherently stochadtic, ther
distributions are important, characterized (at a minimum) by both means and standard
deviations. Further, because travel times and schedule adherence vary by origin and
destination and time of day, any measuring procedure should consider these and other
forms of sysematic variation in travel times and schedule adherence. Reducing travel
time and increasing schedule adherence provide a direct benefit to passengers and are
aso aprincipa means of attracting more passengers.

Ridership:  Maintaining and/or increesing ridership levels and incressing rider
satisfaction are key dements of BRT. Although dl BRT dements directly or indirectly
contribute to a speedier, more convenient, and more atractive trangt service, travel
time is perhaps the single most important determinant of trangt ridership leves (dong
with out-of- pocket costs such as fares or parking costs avoided). Reductions in travel
time will generaly increase trangt passenger trips.

Impacts on other traffic. Some BRT policies may have ether postive or negative
impacts on nontusers of trandt. Giving trangt priority in terms of street design, traffic
sgnas, or merging may increase travel times for other road users. On the other hand,
such measures may actualy reduce travel times for non-trangt users. For example,
dimingting on-direet parking (even just in the peak hour in the peak direction) may
disproportionately benefit trangt users but improve travel for dl road users. This
change of course must be balanced againgt the cost of losing on-street parking.

Land use, urban design, and environmental impacts The sructure of the urban
environment can have a dramatic effect on people's willingness to use public trangt.
One component of the BRT evduation will examine the extent to which trangt-
supportive land use policies can be ingtituted along with changesin trangt service. These
policies include those which make the pededtrian environment friendlier, and which
encourage arange of mixed uses adjacent to trangt. They may aso permit more intense
development near high-capacity trandt stops. Land use policies may have ancillary
bendfits (permitting more high-dengty housing or improving the qudity of the waking
experience). However, their primary trandt benefit is their effect on current and future
levels of trangt ridership.

Transit system image and public perception of transit service: One objective of
BRT is to improve the overdl image of trangt in generd, and the BRT service in
particular. Buses are often viewed as a duggish mode of transportation compared to
the automobile. BRT ams to change this perception to one of an efficient system that
can compete with or better automobile speeds in an urban setting.  All of the BRT
components contribute to improving the image of trangt; however, the marketing and
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promotion of the service are desgned specificdly for this purpose. The name of the
BRT sarvice, the logo, the color scheme and design of buses, bus stops, and signage,
the desgn of information kiosks, Web dtes and printed materids, and the
advertisements dl play an important role in the portrayd of BRT as an attractive
dternative to the automobile. Improved image is ultimately measured by increased
ridership, but surveys of the public can dso indicate the success of marketing and
promotiond efforts.

Costs, productivity and cost-effectiveness: Reductions in traved time dlow trangt
agencies to provide the same amount of service with fewer operator and vehicle hours.
This improves trangt efficiency and productivity. However, these savings may be
redized only when the changes in travel time are large, since other condraints on the
deployment of resources may prevent a reduction in the labor force or in the fleet Sze.
It may be possible to redeploy resources, i.e., to use the faster speeds to provide
additiond service.

The evauation will examine each of these criteria with respect to the demondration project asa
whole. However, understanding the relative contribution of different components of the project
is ds0 important, 0 these criteria should be gpplied to individua components to the extent
possible.

C. Evaluation Roles

The mgor players in a BRT demondration evauation are the locd trandt agency and its co-
sponsors implementing the BRT system, the FTA, and a third-party evauator designated by the
FTA. The diversty of activities and generdly long time frame (three to four years) for a
demondtration necessitate close and continud coordination among the participants. Thelr roles
bresk out asfollows:

The evaluator is responsible for developing a comprehensive evauation plan, induding
the data collection plan, in conjunction with the locd trangt agency. The evaduator may
be a contractor working directly for FTA or the Volpe Center acting as agent for FTA.
As a partner in the demondtration effort, the evauator will work with the trangt agency
in monitoring the collection of data and troubleshooting when necessary. The evauator
will prepare interim reports as needed and the final eva uation report.

The transit agency and its co-sponsors in the demondration will implement the BRT
system as planned, paticipate in BRT consortium mestings, and cooperate with the
evaduator in the development of an gppropriate evauation plan. They will provide data
collectors and supervise their efforts. They will dso make available any operating data
and information needed by the evauator for assesang the effectiveness of the
demondiration.

The FTA will provide overdl guidance for the demondtration project, and will conduct
workshops and seminars on relevant subjects for the BRT consortium.
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D. Evaluation Activities

The evauation process serves as a bridge between the implementation of a BRT sysem at a
particular dte and the understanding of its actud performance at that Ste and its potentia
effectiveness in other locdes. The qudity of the evauation process directly influences the
accuracy and perceptiveness of the demondration assessment and ultimately affects the
aoplicability and transferability of the findings.

Figure 1 is a flow diagram representing the evaduation activities for a BRT demondration.
Evduation activities can be divided into two broad categories: planning the evauation and
implementing the evaluation. Each activity is described briefly below, and in much greater detall
in the succeeding chapters.

1. Evaluation Planning

Evauation planning develops a detalled, structured blueprint for conducting the evauation. It is
during the planning phase that the specific data requirements are st, and the performance
measures and data analysi's methods are devel oped. Data collection techniques and procedures
are determined. A wdl thought out evauation plan will insure that the gppropriate data are
collected in proper ways to provide objective information for the evauaion criteria and
determining how well the demondration has met its objectives. Planning should be completed
long before the actuad demongtration begins to dlow for adequate time to collect “before” or
basdline data for measuring demondration performance.

Specificdly, evauation planning consgts of:

Developing the evaluation frame of reference: Planning must consider the three
elements of the evauation frame of reference, that is, the backdrop againgt which the
evauation tekes place the scope of the BRT demondration; the FTA BRT
Demondtration Program objectives and those of other participants, and externd
influences. The frame of reference sets the stage for the evauation.

The scope of the BRT demondtration refers to the comprehensiveness of the project:
which BRT features are included in the demondration; how extensve is the
demondration Ste; what agencies are participating and other indtitutiona factors, how
long the demondtration period will lagt.

Externd influences refer to circumstances outside the scope of the demondtration that
may affect the demondration’s performance. The effects of such things as mgor
increases or decreases in population, economic recessons or booms, mgor highway
construction projects, and natural and other disasters can be easily confounded with the
effects of the demondtration. For example, a mgor urban redevelopment project may
attract new residents and new bus riders regardiess of the improvements in service due
to the BRT demondration. To the extent possble, the evauation andyss must
endeavor to control for these influences or separate out these effects.
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Figure 1. Evaluation Activitiesfor a BRT Demonstration
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In this task, a schedule for the evauation is established. Depending on whether the
demondtration project has a beginning and end or it represents the implementation of a
new system tha will continue to operate indefinitdly, the evaduation period will occur
after or during the demondtration project. Dates must also be set for the basdine data
collection period, prior to the evauation period (see below). Dates for progress
reports, interim reports, and the find report ddiverables should adso be included.

Establishing a baseline or control: Before the demongtration project actualy begins,
the performance of the bus system must be measured so that any effects due to the BRT
demondtration can be discerned. If the BRT demondration is being applied to an
exiding bus route, then a “before/after” sampling scheme will dlow a comparison
between performance measures taken before the demonstration and during and/or after
the implementation of the demondration. The impacts of the demondration are then
clearly seen (after dlowing for externd influences as described above). If the BRT
demongration crestes a new service or new bus route, then other methods of
establishing a basdine are needed. For example, to determine how many riders of the
new service are switching from other bus routes or from their automobiles, pre-
demondtration and post-demongtration counts of ridership on other routes and of traffic
on pardld roads may bein order.

Determining the performance measures. Planning should determine the gppropriate
performance measures congstent with the evauation frame of reference. The measures
will provide the information necessary for assessing the evauation criteria with respect
to the BRT system as awhole aswell asitsindividua components.

BRT projects in the demongtration program vary widdy in the number of possble BRT
components they include. As the number of components grows, the complexity of ther
evauation and the number of performance measures increases a an even faster rate. It
becomes more difficult to isolate the effectiveness of an individua component because
typicaly saverd components are implemented smultaneoudy and their effects are co-
mingled. Even when components are implemented in succession, their incrementa
effects can depend on the implementation order. To understand fully and to provide
confirmation of a particular component’s effectiveness may require its evauation at
Several Stes.

Determining the data collection and data processing techniques. A wide range of
data collection measuresis a the disposa of evaluation planners. Their use depends on
many variables, including the budget, the availability of personnd resources to collect
data, the availability of eectronic or automated technology, the schedule, the desired
accuracy and sengtivity of the results, and other adminigrative consderations, such as
workers union and palitical issues. They can be categorized into four basic categories:

1. Manual data collection: data collectors record observations by hand. For
example, they may ride the buses or dation themselves a bus stops to count
passengers, measure dwell time a bus stops, note delay, or time the trip duration.
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They may write the observations on paper forms or enter them directly into forms
programmed into software on their |aptop computers.

2. Automated data collection: dectronic equipment records data digitdly. For
example, automatic vehicle location (AVL) systems can record the precise times
vehicles start and stop on atrip.  These times when compared to the schedule can
be used to calculate the delay, trip duration, and trip phases such as dwell time a
bus stops. Automatic passenger counters can count the number of passengers on
each trip. Video cameras can record the ease with which passengers board the
buses. Agency dectronic databases may provide financia data.

3. Surveys: written or telephone surveys or interviews may be used to acquire data
that are not readily observable, such as reasons for using the BRT service or
previous moda choice. Passenger survey forms may be passed out in stations or
on the buses and collected by data collectors or mailed in later. Telephone surveys
may help to gauge the generd public’'s awareness of the new BRT service. Focus
groups may aso provide ingghts into the public’ s atitudes and perceptions.,

4. Published data: public databases and other sources may provide nonoperationa
data, such as population, economic and demographic data for the ridership base,
road usage data, land use and zoning patterns.

Much of the survey and manually observed data will need to be input into the computer
and processed dong with the automated data to produce the performance measures.
Determining how the data will be processed and developing the software in the planning
stages can save va uable time once the data are collected and produce timely results.

Outlining the report: creating the outline for the fina report in the planning stages can
help focus the information gathering process on only the data revant for the find
evauation report, and make it possible to write some sections of the find report before
al the data processing is complete.

Generaly speaking, the evauator will write the evaluaion plan with inputs from organizations
paticipating in the BRT demondraion. The FTA will review the plan prior to its
implementation.

2. Implementing the Plan

The evaudion implementation phase is the period during which the evdudion plan is
implemented. Activities during this phase include the collection and analyss of deta rdative to
project objectives and issues, the collection and andyss of data on Site characteridtics, the
compilation of a chronology describing the story of the implementation and operation of the
demondration, the recording of indtitutional and externa factors, problems and changes that
might influence BRT demondgtration findings and results, and the writing of the Final Evaduation
Report.

This phase not only generates information on which the find assessment of the demondration is
based, but aso provides feedback information relaive to ongoing trandt operations. The
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ongoing evaudion activities, while adding to the cumulative body of quantitative and quditetive
information regarding the project impacts, provide interim indications of costs and functions of
BRT components and the preiminary effects of these components on trandt system
performance. These interim findings may serve as useful input to the local agency responsible
for implementing and operating the demondration by suggesting the need for operationd
modifications.

The culmination of the evaduation is the Find Evauation Report, to be written by the evaduator,
which presents the following types of findings:

Evduation of the project in terms of its attainment of relevant BRT Demondration
Program objectives.

Insght into project issues associated with operationa feasbility and characteristics of
the BRT components.

Assessment of the influence of dte-gpecific characteristics and externd factors on
demondtration results.

Lessons learned, based on practica experience, rdative to the implementation of the
BRT system (possibly to include recommendations for project modifications in the
demondtration Ste or for future implementations in other locaes).

Appraisd of the evduation procedures employed in terms of effectiveness, cog,
accuracy, etc.

The body of the fina evauation report should include narrative, tables and graphic exposition,
while detalled quantitative data and documentation of procedures should be provided in
technica agppendices. Since the report is intended for a variety of audiences — induding
trangportation planners; trangt operators, federa, state, and locd officids, and private industry -
- it should contain an executive summary highlighting the salient project findings.

It is anticipated that each BRT demondration will give rise to potentid implementation and
andyticd spin-offs. The Fnd Evauation Report, while essentialy documenting the history and
effects of a angle project, dso serves the broader function of increasing the understanding of
and gimulating the application of the demongtrated BRT components and technologies in other
localities. Information presented in the report provides a versdile bass for comparing the
effects of a paticular BRT component with those of other Smilar projects, suggesting
modifications to the gpplications for future use, and predicting the effectiveness and utility of the
BRT components in other cities. Moreover, the report’s assessment of project evauation
procedures can serve as a simulus for improving the sate-of-the-art of evauation techniques.
These broader functions of the Find Evauation Report generdly maeridize after the
demondtration period.
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Chapter 4. Evaluation Frame of Reference

The evauation frame of reference provides an in-depth understanding of the Site characterigtics
that might influence the outcome of the project or the interpretation of results. Obvioudy, the
BRT demondration project will not be implemented in a satic environment, and it will affect the
surrounding area. An examination of certain Ste characterigtics is necessary to assess fully and
accuratdly the impects of the BRT demondration. An additional function of Ste data is to
enhance the comparability and transferability of BRT demondtration project findings.

Table 1 shows examples of Ste data requirements that would be hepful in BRT demonstration
projects. Individua demondration sites may require additiond data. Most of these data should
be readily available from published sources, public databases such as the U.S. Census, or the
trangt agency and loca organizations such as the Chamber of Commerce. The attitudind data
of the public toward transit may be problematic, requiring a survey, but these data would be of
vaue as the basdine for measuring the effectiveness of the marketing of the new BRT sarvicein
the area.

Chapter 5. Establishing the Baseline or Control

In generd, a single set of measurements taken while the BRT demondration is in operation will
be insufficient for assessing the demongration’simpact, snceit will not provide any yardgtick by
which to interpret the measurements. It is recommended, therefore, that every evauation be
gructured around some form of comparison. The two man forms of comparison are
“beforefafter” and “test/control.” In a before/after comparison, a given measure is collected on
a system dement before the demondration begins and then again while the demongration is
operationd. In atest/control comparison, a given measure is collected on a system eement that
has been affected by the introduction of a BRT systern component and also on an equivaent
system dement that has not been similarly treated (control unit). Each type of comparison is
somewhat limited: the before/after comparison fails to show what portion of the change in the
measure is due to externa factors; the test/control comparison shows the difference between
“after” measures and hence accounts for externad factors, but fails to indicate the degree of
change from the “before” dtate to the “after” Sate.

Idedlly, it would be desrable to conduct a before/after comparison in conjunction with a
test/control comparison.  In other words, the evauation plan should, if possble, involve the
observation of both a control and test unit before and after (or during) the BRT demonstration.

For example, consder a BRT demondiration that modifies an existing bus route by applying a
number of BRT components such as reducing the number of stops, creating an exclusive bus
lane on the city dSreets, and adding sgnd priority for the buses. If pre-demondration and
post-demongtration measures of bus travel time are made only on
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Table 1. Basic Site Data

Economic and population data:
- Population
Population density
Number of personsin the labor force
Number of households
Age, sex, education, occupation, income distributions
Household auto ownership
Number of persons with no driver’slicenses
Moda split, by trip purpose or time of day
- Attitudes towards and knowledge of trangit system
EX|st|ng (pre-demonstration) transit service and facility characteristics:
BRT corridor/route length
Time of service operation throughout day
Days of service operation throughout week
Service frequency
In-service vehicles on BRT corridor
Fare schedule
Fare collection procedures
Cross-section plans of dreets and facilities
Typica bus stop/shdlter/gtation designs
Bus designs, seeting arrangements
Site map hlghllghtlng
BRT corridors and routes
Bus stop and station locations
Exigting transportation network
Centra business didrict
Other important activity centers
- Air qudity atainment and nor-attainment areas
Other sitefeatures:
Westher conditions
Seasond population variaions
Indtitutional/political dimate
Economic conditions and trends
Cod of living
Popul ation/employment growth rate
Land use development patterns
Resdentid mobility
Air qudity conditions and other environmenta concerns
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the BRT route and a reduction in travel time is indicated, it may not be possible to determine if
the improvements are attributable to BRT or to external factors. For indtance, a decrease in
automobile traffic due to the closing of a mgor employment center in the area may have
contributed along with the BRT components to the decrease in bus travel time. To account for
BRT's contribution to the reduction, it would be necessary to make before and after
measurements of bus travel time on routes which are comparable to the BRT route and
therefore susceptible to the same set of external factors.” The difference between the travel time
reduction on the test (demonstration) versus control routes can then be taken as the true change
due to the BRT components. To make these statements, it is necessary to be fairly confident
that conditions affecting both control and test units are reasonably smilar -- arequirement which
is sometimes difficult, if not impossible, to assure.

Thus the proper use of the combined before/after and test/control approach guarantees to the
greatest extent that any observed improvement is due to the BRT demondtration. The evauator
should employ both types of comparisons wherever appropriate and feasble.  The
determination of appropriateness of the combined gpproach involves a congderation of the time
gpan of the demongtration.

In the event that only one type of comparison is feasble, there are dternative techniques and
precautionary measures available to compensate for the absence of the other type of
comparison. If no control group exids, then the evaluator should be especidly observant
throughout the evaduation period of possble externd factors that might influence the
interpretation of project results. Any datistics regarding the before/after change due to the
goplied BRT components should be examined very carefully in the context of the externd
factors, and any conclusions based on such statistics should be qudified accordingly.

If, due to project timing, there is no opportunity to perform before measurements, the evauator
should attempt to obtain surrogate data for the before period. Possible sources would include:
(1) surveys conducted after the demondration is operaiond which question people about
conditions or their behavior prior to the demongration; and (2) demographic and travel data
collected by the loca highway department, planning agency, or trandt operator some time prior
to the demonstration. The surrogate data can provide some indication of the magnitude of the
before/after change experienced by the test and control groups.

Test/control comparability raises some interesting problems. The test and control units should
be as nearly alike as possble to rule out any chance of the observed change being a result of
something other than the demondtration. If the BRT route parallels another route in the same
corridor or follows the same route as regular service, then the logica control would be one of
these. When the BRT route is new, then the matching of test and control routes could be done

! A complete study of the effects of BRT on travel characteristics would involve not only the measurement
of bustravel time, but also that of autos using a variety of measurement techniques including time study
runsin autos to measure speed and delays, observation of auto left turns that might become more difficult
with the installation of exclusive bus lanes, comparison of traffic volumes and times waiting at signals on the
main and cross streets.
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on the basis of such descriptors as route length, totd trips dong the route, pesk headway, and
average speed.

Chapter 6. Performance Measures

Performance measures are statistics that describe a characterigtic of the BRT system that relates
to its performance. They are keyed to the BRT evduation criteria enumerated in Chapter 3.
There are two basic types of measures.

Quantitative — a measure expressed in trms of counts, dollars, measurements, or
other physica units

Qualitative — a measure expressed in terms of peopl€'s attitudes, perceptions, or
observations

Certain issues such as land use and urban design may not lend themsalves to quantitetive or
quditative performance measures but may best be addressed in descriptive terms.

It is possible to measure many of the BRT evauation criteria from two vantage points: the actud
and perceived dtributes of the service. For example, it might be appropriate to measure the
actual travel time minutes saved by the BRT sarvice as well as people's perceptions of time
saved. No accepted rule exigts for determining when to examine both measures.  Clearly, it
may be prohibitively expensive to employ both for each area d interest. On the other hand,
mere reliance on quantitative measures may result in overlooking what is in fact the mgor
behaviora determinant of the BRT system’s ultimate acceptance by the public — people's
perceptions of the system, that is, passengers, the public in generd, merchants who may have
opposed BRT due to decreased parking, and the citizens who would have preferred rail. These
issues should be addressed in the Evauation Plan.

A. Stratification

Stratifying quantitative measures can provide ingghts on how BRT components function and
interrelate. It improves the qudity of the evaluation by alowing an assessment of how changes
in measures relate to the drdification categories, hence facilitating the formulation of more
gpecific findings and conclusons. Examples of dratification are:

Peak ver sus off-peak time periods

Day of the week

Weekend ver sus weekday

Access, waiting, in-vehicle, transfer and egress travel times
Seasons of the year
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Weather conditions (e.g., fair, rain, snow)
BRT project phase or BRT component if possible

Whereas collection of an undratified measure provides only a Sngle, average reference point,
the use of a dratified measure provides a series of reference points, each of which may be
ggnificant to the andyss and interpretation of results. Knowledge of inter-category differences
in results enhances trandferability. For example, if sgnd priority for buses produces the grestest
travel time savings during pesk hours, but no savings in off-pesk hours, then other Sites
conddering implementing signd priority may benefit from this knowledge.

There are three types of dratification:
1. Additive, where each stratum is a portion of the whole, as in phases of trave time
(access, waiting, dwell, in-trangt, Sgnd stops, transfer, egress),
2. Categorical, as peak and off-peak, and
3. Class intervals, where raw data are grouped into intervals or ranges denoting, for
example, “low,” “medium,” and “high” observations

In the examples of dratification above, peak/off-peak, day of the week, weekday/weekend,
season, and weather would be categorica, while trip phases and BRT project phases would be
additive.  An example of a dass intervd drdification scheme would be the grouping of
continuous ar qudity messurements into intervas dencting low, medium, and high
concentrations of atoxin, or grouping trandt riders by age groups.

B. Measures for Evaluation Criteria

One way to view performance measures is by the evaduation criteria they are used to assess.
The following sections discuss relevant issues for each evauation criterion and the performance
measures, both quantitative and quditative, that can help address them. The performance
measures are generdly not unique to one or another evauation criteria: the same measure can
often shed light on a number of issues. Table 2 summarizes this section.

1. Traved Time

Asthe*“ragpid’ in BRT denotes, one of the main gods of implementing BRT systemsis to reduce
travel timefor riders. BRT can affect travel timefor dl phases of atrip:

Access — gtop location can reduce (or increase) the distance patrons must walk from
their resdence or place of work to the bus stops.

Waiting — kiosks at bus stops with accurate information from AVL systems on the
times buses will arrive will permit patrons to reduce their wait time; precison docking
will reduce the time it takes for the bus to line itself up for loading; increased bus speed
due to BRT components improves schedule adherence dlowing patrons to reduce thelr
wait time at bus stops.
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In-vehicle: dwell — automated fare media or paying fares prior to loading will speed
up the loading process; low-floor buses make it quicker for encumbered and disabled
patrons to board and deboard; precison docking will enable boarding passengers to
line themselves up where the bus doors will open; “next stop” announcements on board
the buses speed up deboarding.

In-vehicle: in-transit — sgnd priority, exclusve lanes, busways, bus lane markings,
bus bulbs, traffic enforcement, and dimination of some stops on the route al speed up
the bus when it is moving.

In-vehicle: signal stop — signd priority would reduce the amount of time a bus spent
stopped by traffic Sgnas at intersections.

transfer and egress — efficient design of trangt dations and terminals makes it eeser
for passengers to make their way from one bus to the next or to the exit; automated
information displays make it easer for passengers to find their connecting buses,
improved schedule adherence iminates waiting for delayed connections.

The mogt critica question here is “How much time does the BRT service save?’ The rdevant
measure istravel time savings, measured for each phase of a bustrip and for the trip asawhole.
Savings is derived as the difference between the trip times for BRT service (the “after” times)
and the basdline (the control or “before” times), depending on the choice of the basdine. Tota
trip time is of interest as well, for example, to compare to the time it takes to drive the same
route in an automobile. This would be equivdent to the sum of the separate times for the two
phases. Another related measure is bus speed in miles per hour.

All these measures should be caculated as averages (means) of the observations taken for each
dratum of the dedred dratification schemes, and should be reported dong with the
corresponding confidence intervals based on the sandard deviations of their means. In most
BRT gites, it is expected that measurements would be broken down a a minimum by route or
route segment, pesk and off-peak time periods, day of the week, and season. BRT projects
with staged implementation of BRT components would alow for measurement of the effects of
each individua component before the next one was initiated. Depending on the BRT
components being implemented a a Ste, breaking travel time down by the relevant trip phases
might be cdled for. If, for example, the BRT project involves only sgnd priority and the
elimination of some stops on the route, then the main focus of data collections efforts should be
on the relevant phases (in-trandt and sgnd stop times), dthough measurements for other
individual phases would be of interest to serve as a basdine for future improvements to the
service, and totd trip time would sill be an important measure to estimate.

Sample sze determination is a function of the desired precision of the resulting estimates and the
budget for data collection. Sample size issues are addressed in Appendix A.

2. Schedule Adherence

BRT Evaluation Guidelines 22



Related to travel time, schedule adherence is a comparison of the actual ariva times of abus
at scheduled stops to the scheduled times of arriva; a bus can be on time, late or early. The
same BRT components that affect the dwell, in-transit and signa stop phases of trave time dso
affect schedule adherence in smilar ways. The critical question here is * Can passengers count
on the buses being on time?” The measure for schedule adherence is the average numbers of
minutes of difference between the actud and scheduled bus arriva, and its standard deviation.
It can be cadculated for individud stops or the trip as awhole for dratification schemes amilar to
those for travel times, and can be compared to corresponding statistics for the basdline, either
the period before the BRT project was implemented or the control routes.

3. Ridership

Ridership is an indirect function of al the BRT components. Faster, cleaner operating, more
atractively desgned buses running between clearly marked stops, stations, and terminaswith
accurate information on expected bus arriva times and schedules will likely attract new riders
and improve the transit experience for existing patrons.

Criticd questions to be answered here are “Has the BRT service affected the number of
riders?” and “How do riders view the service? The actud numbers of riders, a quantitative
measure, are of interest in a BRT evauation, as well as quditative measures regarding thelr
opinions of the sarvice, ther reasons for using it, their frequency of usage, their views on other
related issues, and their socioeconomic and demographic characteridtics. Variationsin ridership
are of interest by route, route segment, time of day, day of week and season. Means and
standard deviations for each breakdown category should be calculated. Comparison of BRT
ridership with the “before” time period can show the effect of the BRT demongtration. Changes
in ridership can be correlated with individua BRT componentsif they are implemented in stages.
Socioeconomic data can be corrdlated with other data, for example, frequency of usage by
income level, age, reason for using, or distance of residence from nearest stop.

4. Impactson Other Traffic

The BRT demondration project may have sgnificant effects on other traffic on the BRT route,
both postive and negative. Decreased traffic levels dong its routes may reault if the BRT
system is able to entice enough automobile drivers to shift modes. A secondary benefit, though
difficult to measure, would be improved air qudity from fewer cars on the roads. Parking
restrictions and increased enforcement of traffic and parking regulations dong an exclusive bus
lane may improve the traffic flow for automobiles as well as BRT vehides. On the negative
gde, sgnd priority may increase the time vehicles on Sde dreets have to wait at traffic Sgnas.
Dedicated bus lanes on arterids may increase traffic congestion on the remaining al-purpose
lanes or nearby streets.

Appropriate quantitative measures of traffic congestion would be automobile travel times, traffic
levels, vehicle accidents, time waiting to turn across exclusve lanes, and time waiting a Sde
dreet sgnds measured dong the BRT and pardld routes both before and after the BRT
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demondtration. These measures could be broken down by time of day, day of week, season,
BRT route, and route segment. Again, means and standard deviations are required.

5. Land Use and Urban Design

Complementary land use policies can help increase ridership over time. Such policies in urban
Settings can encourage the use of trangt by helping maintain or increase the dengity and diversity
of land uses around trangt lines, pedestrian-friendly road design, and pedestrian-oriented land
uses (eg., with parking behind Structures). Additionally, land use policies can facilitate the
incorporation of trangt in suburban areas. For example, subdivisons can be desgned to
provide more convenient trandt access. Shopping mals can be designed around a trangit
dation, rather than having trangt stops at the periphery of vast parking aress.

Measuring the degree to which these changes occur as a result of the BRT system is more of a
descriptive exercise than one requiring specific quantitative or qualitative measures. Moreover,
impects of the BRT system on land use and urban design, by their nature, may not occur until
long after the evauation period. For businesses to make the decision to locate near a trangit
stop or to build a shopping mal with trangt access on the BRT ling, the BRT trangt system has
to establish a sense of permanency and reiability (and the community has to cooperate with
gppropriate zoning and incentives). Short of the congtruction of a busway structure, this sense
of permanency could take consderably longer than the evauation period to evolve.

Neverthdess, the evauation should address land use and urban design impeacts of the BRT
demondtration to the extent possble. There may be sgns of changing land uses in the vicinity of
BRT bus stops during the life of the evaluation period. New commercid enterprises to serve
the passengers, such as dry cleaners, film drop-off’s, fast food vendors and other convenience
markets, may crop up aong the BRT line during the course of the evauation period, and should
be noted. The evaduation should address the new congtruction of high-dengity housing, retal
businesses or office parks on the BRT route, as well as any changesin the loca zoning that may
have occurred in conjunction with, as aresult of, or to encourage these developments.

6. Transit Image and Public Per ception

The rdevant questions here are “Has the BRT system changed the public’' s perception of trangt
in generd? and “Does the public have a pogtive image of the BRT sarvice? Some BRT
components, such as the design of the buses, bus stops, stations and termindss, the signage, the
logo for the BRT sarvice, passenger information systems, and marketing dtrategies for the
sarvice, are meant to influence directly the public's image of trangt, and the BRT service in
particular. All of the BRT components, however, contribute to the overdl public perception of
the service.

Quantitative measures of the public perception would be indicated indirectly by changes in
ridership. Direct measures would be quditative, based on the attitudes of both riders and
nonriders, i.e, the public in generd, and would be obtained through surveys. Sample
questionnaires are included in Appendix B, and survey methodology is discussed in Chapter 7.
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7. Costs, Productivity and Cost-effectiveness

The rdevant questions here are “How much does the BRT system and its components cost?’;
“Does the component work as expected?’; “How efficiently are the system components
employed to produce the service?’; and “How do the costs compare to the impacts?’

There are myriad measures that can be examined to answer these questions. Codts are fairly
sraightforward: dollar costs of BRT equipment purchased, labor, contracts, etc. Labor hours
might aso be of interest.

BRT system productivity may be measured in terms of BRT system operating costs per vehicle
mile, vehicle hour, passenger mile, etc. For individuad BRT components, evauating productivity
would more likely involve an assessment of how well the component functioned and whether it
met expectations. Specific productivity measures would vary with the type of BRT component
being evduated. For example, gppropriate productivity measures for a sgnd priority system
might include the number of activations, the amount of extra time the Sgnas remained green, the
mafunction rate, the resulting change in overal trip time (see Section 1. Trave Time), and the
resulting change in schedule adherence (see Section 2. Schedule Adnerence). Suggested
productivity measures for other BRT components are discussed in Section C below and
summarized in Table 3.

Cost-effectiveness is generdly the ratio of the cost of a BRT component or system to a statistic
describing its impact, productivity, or result. For example, the cost effectiveness of sgnd
priority may varioudy be described as its cost per minute of trip time savings, cost per minute of
improvement in schedule adherence, and cost per activation.

Often these questions are examined in the context of an overal economic cost-benefit andyss.
Costs and benefits can vary depending on the perspective. The point of view of the transit
agency is important; it typicaly wants to know if the system’s benefits exceeded its costs. In
some demondtrations, the FTA may aso be interested in the perspective commonly adopted in
policy andysis, that is, to consder dl benefits and dl costs accruing to society as awhole. In
this framework, a cost must be ared use of goods or services, whether traded in the market or
not. (A cost and a negative benefit are equvdent.) If the good or service is traded in a
competitive market, its cost can usudly be estimated by its market price; if not, other indirect
techniques can be used to estimate its value. A cash transfer is not a benefit or cost, however,
the bendfit to one party is exactly negated by the cost to the other. It is often important to
specify these digtributiona consequences, to the extent possible. These types of analyses would
involve estimating, for example, the dollar vaue of a passenger’ stime or the value of cleaner air.

Examining the benefits and costs of a project can answer the question of whether the benefits
exceeded the cogts. It is aso important to know if a project is the best use of resources, or the
mogt effective way of achieving the god of the program. In this caseit is important to compare
the project to other aternatives.
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C. Measures for BRT Components

An dternative way of organizing performance measures is by BRT component. The following
sections discuss the potentia benefits of each mgor BRT component and the performance
measures, both quantitative and quaitative, that can help gauge them. The ligt is by no means
exhaudtive, as there are too many other technologies and features that may be included as part
of individud BRT demondrations to include them al here. In generd, the analyss of eech BRT
component should address how the component was implemented, how much it cost, and if it
worked as expected, in addition to itsimpacts. As with the measures for the evaluation criteria
(see Section B, Measures for Evauation Criterid), the same performance measure can often be
used in the evauaion of a number of BRT components. Table 3 summarizes measures for
gpecific BRT components.

1. Express Rights of Way (Busways and Exclusive Bus L anes), Transit Malls,
and BusLaneson Arterials

The primary benefits of express rights of way and bus lanes on arterids are travel time savings
for riders switching to the BRT sarvice from local service and from other dower modes, less
crowding on the locd service due to fewer riders, increased productivity, and an improved
image of trangt. Another benefit is an increase in trangt ridership from riders who switched
from the automobile and other modes. Improved air quaity may result from less auto usage,
athough the improvement may be too smdl to detect, especidly within the time frame of the
demondtration.

Measures gppropriate for assessing the impacts of both express rights of way and bus lanes on
aterids include dl phases of trave time, trangdt ridership, bus speed, and passenger loads on
BRT and padld routes Rider surveys will hep gauge satisfaction with the BRT sarvice
compared to other modes including automobile and regular trangit service, and improvementsin
theimage and vishility of BRT and trangt in generd.

Express rights of way and trangt mals have more capitd codts than other BRT optionsincluding
bus lanes on arterids. Busways and off-dreet trangt malls typicaly require the acquisition of
land and rights of way, an expensive propostion, as well as the congtruction of the bus lanes
themsdves. Exclusive bus lanes and bus lanes on arterids may require considerable road and
curb modifications.  All require condruction of bus stops, information kiosks, and other
passenger amenities, Sgnage, marketing. In many cases, new vehicles will have to be
purchased. Operating costs can be estimated based on vehicle hours. The net change in
operating costs should be considered after accounting for any reductions in service on pardld
routes. If there are reductions in pardld service, the change in travel time due to increased
waits or greater schedule delay on those routes should be estimated and included asacost in a
cost- benefit andysis
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Table 3. Summary of Performance M easuresby BRT Component

BRT Component

Performance Measures

Busway

average and maximum bus speed

travel time by trip phase

ridership

passenger loads on BRT and parallel routes

passenger satisfaction

improvement in transit image

capital and operating costs

Exclusive Bus Lane

average and maximum bus speed

Bus Lane on Arterial

travel time by trip phase

ridership

passenger loads on BRT and parallel routes

passenger satisfaction

improvement in transit image

accidents

traffic on BRT route and parallel streets

waiting time for oncoming traffic to turn

waiting time for traffic on cross streets

capital and operating costs

Transit Mall

ridership

transfer time

dwell time

passenger satisfaction

improvement in transit image

capital and operating costs

Limited Stop Operation

average and maximum bus speed

travel time by trip phase, especially access and
in-vehicle phases

traffic on BRT route and parallel streets

ridership

passenger loads on BRT and parallel routes

passenger satisfaction

improvement in transit image

Low-floor Bus/Same Level Boarding

travel time by trip phase, especially waiting and
dwell times

ridership

equipment functionality and reliability

passenger satisfaction

improvement in transit image

passenger loading rate

capital and operating costs
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Table 3 (continued)

BRT Component

Performance Measures

Articulated Buses

passenger loads on BRT and parallel routes

travel time by trip phase, especially waiting time

bus functionality and reliability

passenger satisfaction

improvement in transit image

capital and operating costs

IClean-Emission Buses

parts per billion of toxins in air

bus functionality and reliability

passenger satisfaction

improvement in transit image

capital and operating costs

Traffic Signal Priority

travel time by trip phase, especially time
stopped at signals and waiting time

IQueue Jumper

activations per trip

extra time signals remained green

malfunction rate

accidents

schedule adherence

ridership

passenger satisfaction

improvement in transit image

capital and operating costs

[Proof-of-Payment Fare Collection System

travel time by trip phase, especially dwell and
boarding times

Smart Card

schedule adherence

passenger satisfaction

improvement in transit image

equipment functionality and reliability

capital and operating costs

INext-Bus Display

travel time by trip phase, especially waiting time

ridership

passenger satisfaction

improvement in transit image

equipment functionality and reliability

capital and operating costs

limprovement to Bus Stops/Shelters

ridership

Transit Information Kiosks

passenger satisfaction

improvement in transit image

equipment functionality and reliability

capital and operating costs
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Table 3 (continued)

BRT Component Performance Measures

IBus Bulb travel time by trip phase, especially dwell time

passenger satisfaction

improvement in transit image

capital cost

INext-Stop Announcement System travel time by trip phase, especially dwell time

passenger satisfaction

improvement in transit image

equipment functionality and reliability

capital and operating costs

IPrecision Docking/Tight Terminal Guidance System |dwell time

schedule adherence

equipment functionality and reliability

capital and operating costs

AVL travel time by trip phase

schedule adherence

passenger satisfaction

improvement in transit image

interventions per trip

equipment functionality and reliability

capital and operating costs

IBRT Image/Logo passenger satisfaction
[Marketing/Promotional Campaign improvement in transit image
ridership
costs
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2. Limited Stop Operation

The mgor benefit from limited stop operationsis travel time savings. There are potentid travel

time savings for riders switching from loca routes to the BRT route, remaining on locd routes
(from less crowding due to fewer riders), and switching from other modes. One drawback to
limited stop operationsis that it may increase the distance patrons have to walk to the bus stop,
but the extra time it took would likely be offset by in-vehicle travel time savings. Other benefits
include the increase in trangit ridership and the benefits associated with less automobile use.

Capitd codts include the vehicles, 9gns on buses, signs at stops, marketing, and bus stop and
gation modifications. Operating costs can be estimated based a vehidle hours. The net
change in operating costs should be consdered after accounting for any reductions in service on
pardld routes. If there are reductions in pardld service, the change in trave time due to
increased waits or greater schedule delay on those routes should be estimated and included as a
cost in a cost-benefit andyss.

Rider survey results will help gauge satisfaction with the BRT service compared to other modes
used including automobile and regular trangt service.

3. BusDesign

The benefits of larger buses, such as articulated buses, are the reduction in pass-ups, decreased
crowding, and the ability to carry larger loads more efficiently. This will greatly reduce waiting
time for passengers unfortunate enough to be passed up currently, but aso reduce totd travel
time for dl passengers, since less crowding will lead to faster loading and unloading and
therefore reduced travel time. This better service and greater capacity may increase ridership.
User opinions of the change in vehicles will be important to assess. Appropriate measures for
gauging the impacts of larger buses include trave time, dwdl time, pass-ups per trip, passenger
loads, and total ridership, as well as quditative measures of passenger satisfaction.

The benefits of low-floor buses include faster loading and unloading times, contributing to faster
overdl trave time. Low-floor buses may aso attract new riders from groups that currently find
boarding standard buses too difficult, such as the disabled, elderly, and parents with smal

children in gtrallers.  Appropriate measures for gauging the impacts of low-floor buses include
travel time and dwdll time, aswell as quditative measures of passenger satisfaction.

The benefits of clean emission buses, such as LNG-fuded buses, include improved air qudity.
Appropriate measures of the impact of clean emisson buses include air toxin measurements.

The cost of buses includes the capital costs of the vehicles and any modifications that need to be
made to curbs, kus stops, maintenance facilities, or depots, and training operators and other
personnel on how to use and maintain the new vehicles. On the operating side, there may be
increased operating and maintenance costs compared to a new standard size bus.
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4. Traffic Signal Priority and Queue Jumpers

The mgor benefit from traffic Sgnd priority and queue jumpers comes from reduction in travel
time for BRT riders and incidentaly, people in private cars or other bus routes in the corridor,
as well as a reduction n the variance of travd time. There aso may be improvements in
reliability dueto sgnd priority, resulting in areduction in waiting times at bus stops.

Capitd costs of the project include vehicle and sgnd controller hardware and software,
evauation, restriping, sgnage, and road widening with queue jJumpers. Operating costs include
enforcement, maintenance, and a portion of dispatching or control center codts, if applicable.
Another potentia source of coststo society isany increase in travel time for crosstraffic.

5. Proof-of-payment or Other Fare Collection System

The benefits of a streamlined fare collection system, such as a proof- of-payment or smart card
system, are reduced dwell time due to less fare payment delay. In the absence of these fare
payment methods, ticket or token vending machines at bus stops dlowing waiting passengers to
purchase tickets before the bus arrival would reduce dwell time to alesser degree. If a proof-
of-payment system is chosen, dwell time may aso be reduced due to the ability to load the bus
through multiple doors. The reduction in dwell time at each stop adds up to a reduced tota
travel time, providing a benefit both to customers and to the operator. In addition, the reduced
dwel time could reduce the variance of totd travel time aong the route and therefore reduce
passenger waiting time and increase schedule adherence.

The codts of the fare policy change include possible smart card reader equipment, vehicle door
modifications, sgnage, publicity, and training for operators. The cost of inspections in a proof-
of-payment sysem can have a sgnificant effect on operating costs. This increased cost is
potentidly partly offset by the reduction in operating labor costs due to higher average travel

speed. There may aso be acost due to inspection-related delays. Inspections may have asde
benefit of reducing crime or a least improving passengers perceptions of safety.

Although fare evason losses in a proof-of-payment syssem are not a net socid loss (they
represent atransfer from the trangit agency to fare evaders), they affect the agency’ s bottom line
and are therefore of concern.

6. Bus Stop Design

Wadl-designed bus stops can provide avariety of benefitsto BRT riders. A standardized design
that is easly digtinguishable from other bus stops makes it easier for passengers to identify the
BRT dops, and provides a podtive visble image of the BRT service to dl passers-by.
Passenger amenities, eadly readable and nondestructible schedule informetion, and next-bus
displays offer conveniences that may attract riders. Curb design that accommodates bus
entrance characteristics or makes it easier for buses to pull up to the bus stops, such as bus
bulbs, can reduce dwdl time and make it easier for encumbered passengers or the disabled to
board.
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Appropriate measures include passenger satisfaction, dwell time, and ridership level. Capitd
costs include the congruction of bus stop shelters and other amenities, curb and road
modifications, eectronic information displays, and signage.

7. Station, Terminal and Bus Plaza Design

Similar to the design of bus stops, the design of gations, terminads and bus plazas or mdls can
produce a number of benefits for BRT riders.  Perhaps the most significant benefit of these
gructures is the image they can project, if well-designed, of a permanent, modern, efficient bus
sysem. Ancther benefit is the reduction of dwell, access, and transfer times.

Appropriate measures include passenger satisfaction and perception of trangt, and dwell,
access and transfer times.

Capitd cods are dgnificant and include desgn and condruction, land and right-of-way
acquigtion, fare collection, passenger information and other equipment, indtdlation of
technologies and equipment, and personne training. Operating costs include sdaries of
personnd located at these sites, as well as maintenance cogts.

8. Passenger Information Systems

The primary benefit for passenger information systems is the reduction in passenger anxiety
associated with not knowing the length of the wait until the next bus or the next bus stop. In the
case of red time “next bus’ systems at bus stops, the knowledge could lead to time savings by
influencing the decision about whether to take the loca or express bus. The passenger may dso
decide to do a brief errand instead of waiting at the stop. Kiosks in shopping centers or other
locations and web sSites permit passengers to budget their time better and reduce wait time at
bus stops. The prerequisite for these sysemsis an AV L/communications system that can track
the buses in red time and relay the information to passenger information displays. The greater
information may have a positive impact on user satisfaction and could lead to greater ridership.
“Next stop” announcements alow passengers to move to the doors prior to the bus stop for
fagter disembarking and reduced dwel time. These syssems may work in conjunction with the
AVL sysem, but smpler in-bus technology can aso provide this service.

The primary way to determine these impacts is through passenger surveys. Customers can be
asked about their opinion of the information they obtain at bus stops and their impression of the
frequency of service. In other deployments, it has been found that users perceive the service to
be more frequent, even without any service changes.

The codts of the system include wayside hardware and ingtalation and costs associated with a
communications system and an AVL or other system, including a server, radio communications
equipment, bus hardware, software, inddlation, and traning. Operating cods include
maintenance of hardware.
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9. Precision Docking and Tight Terminal Guidance Systems

The main benefit to these systems is reduced dwell times due to the ease with which avehicdle
can precisely enter a termina and/or line itself up with the boarding location and passengers
form boarding lines where the doors will open. Appropriate measures would be changes in
dwell times. Costs would be incurred for the purchase and inddlation of the systems, and
training of drivers.

10. Automated Vehicle L ocation Systems

Automated vehicle location systems (AVL) are typicdly the prerequisite for severd of the BRT
components discussed above, namely sgnd priority and next-bus axnouncement informeation
systems. Combined with a trangt control center and a means to communicate with the buses,
AVL can make an entire trangt sysem run more efficiently, producing travel time savings in
amog dl phases. AVL can be used, for example, to space buses more evenly by speeding
them up or dowing them down, to digpatch a replacement bus or assistance in the case of a
breakdown or emergency, or to augment service when there is an unexpected increase in
passengers dong a route.  Sometimes closed circuit televison (CCTV) cameras are used in
conjunction with the AVL system to monitor traffic congestion in critica places aong the bus
route. All of these service improvements would be expected to attract new riders.

Measures appropriate for assessing the benefits of AVL would center around those for travel

time, especidly thein-trangit, signal stop, and waiting phases, and schedule adherence. Because
AVL would be expected to reduce variability in waiting times by improving schedule adherence,
the variances of the performance measures would be expected to decrease.

Capita costs of an AVL system may include not only the hardware and software for the buses
and control center, but dso possbly the establishment of the control center itself. Operating
costs would include personnd (sdaries, training of dispaichers and bus drivers) and
mai ntenance.

11. Marketing and Promotional Efforts

Marketing and promotionda efforts can have a tremendous effect on the success of a BRT

demondtration. The greater the degree to which people are informed of the BRT service, its
features, and itsimproved performance over regular bus service, the greater the increasein BRT
ridership. These efforts may include a wide range of activities, such as public service
announcements describing the new BRT service and its advantages on radio and televison; ads
and articles in newspapers, pamphlets and flyers, events staged in mals, bus stations and stops,
and locd dtractions with high public vidtation rates, digtribution of pamphlets on the new

sarvice through the mail; posting of signs and posters throughout the city; coordinated visud

design of dl aspects of the service including the logo, Sgnage, color scheme and appearance of
buses, bus stops, and dl published materids. These efforts can create an identity and a positive
image for the BRT sarvice in the minds of the BRT sarvice arearesdents. Ultimatdy they will

attract new riders.
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Measures for assessing the effectiveness of a marketing campaign would be dotained mainly
through surveys of the generd public and the riders of the BRT system. Surveys of the generd
public, including both users and non+users, would focus on their recognition of BRT service and
the extent of their familiarity with its festures, as well as how they heard of it and their opinions
of the various promationd efforts.

Costs would include both labor associated with the design and implementation of the marketing
and promotiond programs, and costs associated with the materids, ar time on televison and
radio, advertisng in publications, etc. The mgority of these costs would occur prior to the
opening of the BRT sarvice, but some would be expected to be ongoing.

Chapter 7. Data Collection M ethods

Once the relevant measures for poject evauation have been determined, it is necessary to
identify appropriate data collection and derivation techniques. The main methods of data
collection are through manual observation, automated data recording, surveys and published
data. Derived neasures are caculated ether through the use of smple arithmetic or specid
andytic models. They build on basic data collected through some of the above means. As
illugtrations, a smple derived measure would be dividing the passenger load for atrip by the bus
capacity to get the load factor for that trip. Examples of more complicated derived measure
would be (1) subtracting the mean number of passengers per day before the BRT
demondtration from the mean number of passengers per day after the BRT demondration to get
the increase in ridership; (2) obtaining a benefit/cost ratio by dividing the increase in ridership
due to BRT by the cost of the BRT components in the demonstration; and (3) cost per new
rider.

In view of the large number and variety of possible relevant measures, these guidelines suggest
only generd methods of data collection for each measure, and encourage the evauator to
develop other equaly effective methods, snce the continua development and implementation of
novel techniques lave the potentia for increasing the efficiency or accuracy of evauations.
Although there is no requirement for uniformity among data collection techniques, there is a need
for consstency and comparability of the data obtained by these collection techniques. The
techniques can differ from project to project, as long as they are comparable in terms of
accuracy and yidd data in a form suitable for andyses both within the project and among
projects.

The potentid gpplicability of some specific techniques is discussed below, drawing where
possible from previous experience.

Travel time, speed, and vehicle volume daa collection techniques can range from
manud to automatic. In generd, automatic techniques are effective only where the
magnitude of data requirements or some other specid circumstances warrant their use.
Some of the more sophidticated automatic procedures are subject to rdiability

BRT Evaluation Guidelines 34



problems. Failure of these devices can cause loss of vitd data, which will in turn dday
the evaluation, and considerably increase costs. In addition, the measurement accuracy
of automatic or semi-automatic devices may be questionable, particularly if they have
not been used extensvely before. In cases where definitive information on device
accuracy is not available, it is essentid to confirm the accuracy of autométicaly
collected data by periodic use of manua devices.

Smple manud devices can be deployed to maximize utilization of data collection
personnd. For example, speciad counters may enable an observer to keep track of the
number of boarding and deboarding passengers a a bus stop while smultaneoudy
timing the duration of the stop.

Past experience has shown that there is alack of consstency between passenger counts
recorded by trangt personnel and counts by onboard or roadside observers. For

instance, in one project, it was found that bus drivers tend to overestimate the passenger
load and that on-board and on-street counters tend, on the average, to be consistent
with each other. If trangt personnd are to record such data, it is essentid that

verifications be made during the project to detect any potentia bias or unusud variability
in these data.

Demographic, behavioral, and atitudina data on users and non-users of the services, as
wel as attitudind information from trangit operators, can be collected through a wide
vaiety of survey and interview techniques, with varying degrees of respondent
cooperation, accuracy, and cost. In view of the large amount of documented survey
experience relating to both transportation and general market research contexts, and in
view of the large anticipated role of surveys in BRT evauations, Appendix B has been
devoted to adiscussion of survey design and execution.

In evduaing the array of exiding and potentidly innovative collection techniques rddive to a
particular measure, the evauator should consider factors such as the cost and accuracy of each
method, the avallability of locad resources to implement each method, the esse of
implementation, and the ultimate data analysi's requirements.

With respect to cogt, the evauator should determine whether the anticipated cost of using a
particular technique is judtifigble in terms of the contribution to the overdl project evauation of
the specific measure being collected. Clearly, the tota project expenditure for data collection
should be alocated among individual measures, taking into account each measure' s contribution
to the project evauation. The evauator should make specid note of any data item which is
relevant to the evaluation but whose collection cost appears to be disproportionately high in
relation to other items.

The evduator should determine whether the accuracy of a particular technique is consstent with
the accuracy requirement for the measure, which in turn is dependent on the reltive importance
of the measure. A very accurate technique is probably not warranted for a reatively
indgnificant mesasure, especidly if that technique would be expensive to implement. In addition,
a high degree of accuracy for some measures may be inconsstent with a lesser degree of
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accuracy for others. The evauator should aso evauate dterndive techniques in light of the
available local resources -- labor resources as well as equipment. An attempt should be made
to utilize exiging equipment or rental equipment arrangements wherever feasble, rather than
opting for techniques which require the purchase of new equipment (which might not be needed
by the locdity after the BRT evaudtion).

The Evauation Plan should judtify the sdection of a particular technique applicable to each
measure in terms of these congderations. In the case of anove technique, the evauator should
demondtrate acceptable accuracy before it can be used as the sole source for data collection.

Table 2 indicates the generd data collection methods to be used for the BRT evaudtion criteria
Rather than attempt to include in these guidelines detailed indructions for ride and point checks,
boarding counts, farebox readings, speed and delay measurements, running time measurements,
and other trandt operationd data, these guidelines refer the evaluator to two documents in
particular from the many in the body that address trangt data collection techniques. “Review of
Trangt Data Collection Techniques,” FTA, March 1985; and “Trangt Data Collection Design
Manud,” FTA, June 1985. These documents accompany the guidelines under separate cover
as Appendix C. Guiddines for the design of passenger and other surveys are found in
Appendix B. Appendix A addresses datistica issues in determining sample size for both
surveys and other performance measures such as traffic congestion dong BRT routes and cross
dreets, air qudity readings, €tc.

Chapter 8. Report Outline

The Find Evauation Report will be the predominant means for disseminating the results of the
demondtration project. As such, the main body of the report should be comprehensive, well
organized, and to the point. It should “tell the story” of the demondration, highlighting the
ggnificant findings in an easy-to-read and interesting manner.  Issues needing detailed
elaboration may be trested extensvely in appendices to the report. Given the unique
characterigtics of each demondtration project, it is not necessary to follow the suggested outline
below exactly as written. However, the fina report should address dl the topics contained
therein,

l. Executive Summary:  this should be cgpable of standing on its own and being
published separately.

1. Project Background
A. Description of FTA, sponsor and other project goals and objectives,
and other relevant issues,
B. Decription of the project, including the BRT components being

demonstrated, and
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C. The overdl project cost.
Project Devel opment
A. Site Characterigtics.
1. Demographics and socioeconomic characteristics,

2. Transportation characteristics: modd shares, traffic conditions,
trangt sysem characteridtics (route miles, schedules, fare
dructure, ridership, trandt market characteritics), and

3. Land use: dengities, development patterns, levels and character
of pedestrian activity, degree of auto/trangit orientation.

B. Panning, Design and Implementation.
1 Chronology of the project (the “project story”) and milestones,
a) Problems encountered and resolution, and

b) Changes necessary to plan, including errors,
abandoned technologies.

2. Indtitutiond setting: the role of the trangt agency, city, MPO,
date and other organizations in the project; private and
community participation; laws and regulations,

3. Design dements and the physica image of the system, including
the vehicles, fadilities and amenities,

4, Marketing and promotiona efforts, and

Integration of the BRT sysem with land use planning and
community development.

Evduation Overview: description of the basic evauation procedure and the timing of
the eva uation phases.

Reaults: this section will be the core technicad discussion of the report illustrated as
necessary by charts, graphs, and data tables.

A. Impacts. discussion, based on performance measures, of how the
ovedl project and individud components impacted the evauation
criteria
1. Service quality: travel time and schedule adherence,

2 Ridership,
3. Impacts on other traffic,
4

Land use and urban design,
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5. Trangt system image, public perceptions and support for trangt
sarvice, and

6. Costs, productivity and cost-effectiveness.

B. Attainment of objectives. assessment of the individua BRT components
and the overdl project in terms of their atainment of the objectives of
dl involved parties (FTA, trandt agency, other), and

C. Feasibility: ingght into the operationd feasbility of BRT components as
related to the Site characterigtics.

VI.  LessonsLearned

A. Summary of benefits,

B. Summary of costs, capitd and operating,

C. Assessment of dte-specific characterigtics and externa factors on the
outcome of the demondration, incuding the effects of inditutiond
factors (organizations, individuds, process); ae modifications
necessary?,

D. Effects of marketing,

E Tranderability of results identify BRT components most likdy to
succeed elsewhere; suggest variaions that might be necessary in other
locales or might work better in other conditions, and

F. Appraisd  of evduation procedures and recommendations for
improvements/changes.

Appendices
1. Evauation Plan
2. Data Callection Ingruments
3. BRT Project Costs, Including Evaduation Costs
4, Detailed Performance Measures and Supporting Data
5. Marketing/Promaotiond Materids
6. Detalled Trandt Agency and Trangt Service Information
7. Detailed Assessment of Evaluation Process
8. Other Rdlevant Information and Documents
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Chapter 9. Evaluation mplementation

This chepter presents guiddines for implementing the evauation of a BRT demondration.

Activities that occur during the evauation implementation phase include data collection and
andydss rdding to dte characteristics and performance measures, and the writing of the
Evauation Report, according to the plans and procedures laid out in the Evauation Plan.

The evauator is responsible for monitoring and/or performing data collection activities, data
reduction and analys's, subjective analyss of information relative to project issues, and synthes's
of project findings into a Find Evauation Report.  In accordance with these functions, this
chepter of the guidelines is organized into two sections. monitoring/performance of data
collection; and data reduction, analys's, and presentation.

A. Data Collection

Each BRT demondtration will undoubtedly involve sgnificant data collection efforts. Given the
condderable amount of time and money that will be spent on data collection, careful
management and oversght of the data collection process are essentid.  Where possible and
gopropriate, data collection may involve the use of students from local colleges and universties.

The evduator is responsble for ensuring that data collection is performed according to the
Evduation Plan. There are two potentid dternatives associated with data collection. One of
these occurs when the locd sponsor or operator collects al data (under FTA and/or local
funding), and the evduator acts in a monitoring role to assure the qudity and timeliness of data
collected, as wdll as adherence to procedures laid out in the Evaluation Plan. The second is one
in which both evauator and local sponsor collect various elements of the data, dthough thismay
not be possible within the evaluator’ s project eva uation budget.

Both adterndtives require the evauator to maintain open channds of communication with the Ste,
in the form of vigts, telephone and written correspondence with the gppropriate locad agencies
as wdll as subscriptions to local newspapers. In the rare instance where day-to-day contact
with the Ste is necessary, the evaluator may need to arrange to base a member of the evauation
team at the Ste.

Whether data collection is being performed by the evauator or by the loca sponsor, they must
day closdly involved in dl phases to make sure the procedures specified in the Evaduation Plan
are followed, to discuss progress and problems, to work out solutions to the problems, to
observe key phases of field data collection, and to perform independent spot checks. The
evauator is expected to inform the FTA of the Satus of data collection in periodic written
progress reports.

Over and above monitoring data collection activities, the evauator should keep abreast of the
datus of the BRT demondtration. This awareness of project operational status is important so
that: (1) data collection activities can be smoothly coordinated with ongoing project activities
(causng minimum disruption of day-to-day operations), and (2) evauation results can be
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interpreted in the context of project history. The evauator should maintain close contact with
the trangt agency.

In addition to keeping abreast of project operations, the evaluator should be continudly
watching at the Ste for unexpected (externd) events that might affect the vaidity of project
results. In any demongtration, no matter how well controlled or planned, the possibility remains
for unexpected events to occur that may have an impact on measures of the project’'s
performance. These unexpected occurrences may threaten the vaidity of the andyss.

Unanticipated developments at the Site can take the form of temporary events such as a driver
drike or longer-term phenomena such asthe closing of amgor thoroughfare. The following are
examples of unexpected factors that have been experienced in earlier FTA projects:

Changes in employment: thousands of aerospace employees were laid off in Sedtle,
Washington.

Changes in freaway traffic volumes The Shirley Highway experienced a shift from
aterids to the freeway upon completion of new lanes and sections. Minnegpalis,
Minnesota noted a shift to the freeway due to arterid Street construction and land
developments within the project. Seettle noted volume shifts on the freeway entrance
and exit ramps where new lanes had been added or preferentia trestment was given to
buses. Seditle dso experienced a queuing problem onto the freeway from autos that
were diverted from converted ramps.

The nationd energy criss: Minnegpoalis experienced a dragtic change in traffic volumes
from auto to trangt during the energy criss. Although it cannot be determined whether
the shift in volumes was directly attributable to this factor, the timing of the initiation of
the project during this period may have had some impact on data interpretation.

As previoudy noted, the use of atest/control evaluation design will, in certain cases, mitigate the
impact of these unplanned events on the vdidity of the project results. The evauator is
respongble for informing the FTA of any unplanned phenomena which arise during the course of
the evauation. Progress reports should describe the potentid effects on vaidity of any
phenomena noted, as well as propose changes in the project and/or evauation to compensate
for the unplanned occurrences.

Although data collection should generaly proceed according to the Evauation Plan, there may
be ingances where modification to the origindly planned procedures is warrated. The
previous paragraph indicated that externd events a the ste might be cause for modifying the
evaduation. Two additiond reasons for deviating from the planned approach are discussed
below, namely, operationd changes in the project, and availability of improved evauation
techniques.

Operationa changesin the project can come about as a result of evaluator recommendations or
decisons by FTA and the locd sponsor. The evauator needs to assess the impact on the
evaduation of any forthcoming a proposed operationa changes, and recommend appropriate
modifications of the Evauation Plan to the FTA.
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In order to further the state of the art of trangt evauation, the evauator is responsible for
performing an ongoing assessment of data collection procedures used. The evaluator should
maintain close control over data collection procedures used and summarize findings with respect
to certain techniques for further examination. These findings will include, as a minimum:

A narrative description of how the collection procedure was planned and implemented,
An indication of areasin which the technique outperformed expectation,
An indication of areasin which the technique was deficient,

Some summary of the inherent variability in collecting project measres due to the
technique itself, as opposed to variahility due to other demongtration factors,

An estimate of the cost of implementing the technique, and

Where two techniques have been employed to collect the same basic measures, cross-
comparisons and a recommendation as to which technique should be used in amilar
future demongtrations.

Thisinformation will ultimately be incorporated into an appendix of the Fina Evauation Report.

B. Data Analysis

The evaluator is responsible for performing dl data reduction and analys's, regardiess of which
agency has collected the data. Data reduction involves the computer processing of raw data to
yidd datigics such as means, dandard deviations, ratios, ranges, frequency didributions,
coefficients of determination, corrdation coefficients, F ratios, and “t” datistics. The specific
datistic to be calculated and the need to control for other variables will depend in part on the
type of measure and type of comparison involved. Quantitative measures such as travd time
and vehicle passenger counts might be processed into average vaues for each leve of
dratification used. If acomparison of two time periods is involved, the percentage change from
the earlier to the later period might be calculated, or two multiple regression equations might be
cdibrated and their coefficients compared. Quantitative measures relaing to schedule
dependability might be summarized into average vaues as well as sandard deviations, with
comparisons caculated as ratios of standard deviations. Some quditative measures, for
example, might be obtained through surveys and might be presented to yied frequency
digributions for the response categories. It should be stressed that the level of andyticd
sophigtication and choice of quantitative and quditative measures will vary from gSte to sSte
depending largdly on the objectives being eva uated.

Data reduction may involve the use of satistical inference techniques. If the dataare based on a
100 percent data collection effort (i.e., no sampling), then exact vaues of the datitics listed
above can be caculated. However, if the data have been obtained by sampling (more likdly),
results cannot be presented as precise values, since there is a certain probability that the
cdculated vaues are different from the true population vaues. It is recommended that data
based on samples be processed into two-sded confidence intervas using a confidence leve of
a =.05. Appendix A presents further guidelines relative to caculating corfidence intervas.
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The evauator should arrange for smooth transfer of collected data from the collection site (e.g.,
buses, trangt company, roadside stations) to the processing site. Specid atention should be
pad to details such as labeling and dating of forms, tapes, etc. to make sure that vauable data
arenot lost or atered.

The basic data collected during a demonstration should be maintained on appropriate storage
devices (e.g., hard discs, floppy discs), and transferred to the FTA at the conclusion of the
evauation.

Data andyss involves the interpretation and synthesis of the processed data and other
information to draw conclusions relative to the atainment of project objectives and issues, and
reldive to project transferability. Statistics such as those cited above, which range from the
ample to the complex, are carefully examined and pulled together to obtain a comprehensive,
in-depth understanding of the impacts of the BRT project, and the underlying reasons for
observed changes. The evauator must goply sound judgment as well as knowledge and
experience reldive to trangt system operations, traffic operations and travel behavior in order to
interpret the collected data and place it in proper perspective. To the extent possible, the
results of the demondration at the Ste should be supplemented by an assessment of the
influence of gte-specific and externa factors on project outcome, so that conclusions can be
made regarding the potentid applicability and effects of implementing the BRT system in other
gtes across the country. To further enhance project transferability, the andysis/synthes's phase
should provide a compilation of lessons learned regarding the operation of the BRT system.

The evauator should understand and be aware of the importance that the use of agppropriate
datigtical techniques can attach to the andysis and interpretation of project results. In view of
the fact that most aspects of an urban transportation system tend to be dynamic and variable
from hour-to-howr, day-to-day, and month-to-month, observed differences could be
atributable only to this inherent variability and not to the BRT components. Furthermore,
factors other than the planned and controlled innovations could aso be directly related to the
observed changesin those measures being collected. It isimportant to note that, while no single
technique exigts for removing the potentid influence of these externd factors, it is possible by
careful andyss, to at least point out the occurrence of such events and create an awareness for
those who review the project’s conclusions and/or recommendations. Hence, it is important to
be able to specify whether the observed differences in, for example, travel time are within
reasonable bounds of expected variability inherent in the given trangportation system, or whether
the observed differences cannot be accounted for just by system random variability. If the latter
case were true, taking into consideration the potentid externd influencing factors, one could
conclude that the BRT component or system hasin fact provided ared change in the measures
being consdered. It isto this capability for making valid inferences that the specific datistica
techniques apply.

Presentation of project results in the Find Evauation Report should be in the form of
quantitative and quditative expodtion, with exhibits such as tables, graphs, and bar charts
serving as the focus for narretive discusson.  With respect to the format for exhibits, crestive
techniques for displaying information are encouraged, S0 long as the information is presented in
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aclear and accurate manner. Excessve discussion of al eements of atable or exhibit tends to
be redundant and masks the realy important findings. Back-up exhibits that contain Sgnificantly
more detall of ample atidtica results, multiple regresson andyses, and benefit-cost analyses
should be contained within technical gppendices.

The evauator should perform data reduction and analyss as data are collected, so thet interim
results are available throughout the project evauation. These interim findings will not only satisfy
generd curiosity regarding the project’s effects, but will dso provide feedback information
relaive to ongoing project operations and evauation. Examination of preiminary evauation
results may suggest opportunities for modifying the project and/or evauation procedures so as
to increase the utility of the demongtration.
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APPENDIX A

STATISTICAL METHODOLOGY

This Appendix presents guidelines for determining appropriate sample sizes for estimating BRT
performance measures. The determination of appropriate sample szes and data andyss
requirementsis acrucia agpect of evauation planning, snce the number of sample units required
determines the level of activity and resources needed for data collection and processing. Just as
falure to plan the basic evauation gpproach will mean not having the proper framework in
which to observe and evauate the BRT demondiration, failure to plan or improper planning of
sample size requirements and data analyss procedures will threaten the ultimate Satistica
vaidity and usefulness of project results. An insufficient quantity of data, whether due to no
planning or to an underestimate of needs, will be manifested in the loss of potentidly vadudble
andyses and/or aloss in accuracy and vdidity of the andyses based on the data. On the other
hand, excessve quantities of data will mean the unnecessary expenditure of funds and possibly
the sacrifice of other data items which could be useful but which are beyond a constrained
budget. The intent is to obtain an appropriate baance between andyss requirements and
resource availability. 1t should be remembered that smal samples, if they are well planned, can
yield useful and interpretable data.

DEFINITIONS

To assure a complete understanding of the concepts presented in this Appendix, the following
terms are identified:

Sample Unit - An individud item in a sample of items or responsss, each of which is
identifiable by one or more measures. Examples of sample units are bus trips, passengers, time
periods.

Population or Universe - A population is usudly a group of items about which inferences
are desired. Examples of populations would be dl inbound bus trips during am. pesk periods,
al those persons within 15 minutes access time of the trangt system, or al users of a BRT
service.

Sample - A finite subset of sample units drawn from a population. Samples can be drawn by
appropriate procedures which will permit inferences to the population from which the sample
was drawn or they may be obtained by non-controlled devices. Examples of sampleswould be
some of the am. peak period BRT bustrips, or a subset of passengers within a service area.

Obser vation - One or more measures which describe the sasmple units included in the sample
ether directly or derived from measurements, such astravel times or passenger counts.
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Population Parameter - A specific descriptive characteristic of a population assumed to be
congtant at any moment or period in time.

Sample Statistic - A summary vaue obtained from a sample observation, usualy descriptive
of the sample but desired for purposes of making inferences about the population or changesin
the population parameter.

DATA ANALYSIS DETERMINATION

A mgor intent of usng samples is to make inferences about changes in trandt system
characteridtics or in the attitudinal/behaviord characteristics of the community being served.

Before estimating sample Sze requirements, it is necessary to determine the appropriate types of
anayses to be performed (i.e., what will be done with the data once they have been collected?).
Types of gatigtica anayses which can be performed are numerous. As a generd guideline, the
evaduations for BRT projects should be limited to fairly fundamenta types of andyses (i.e,
involving the caculation of means, standard deviations or variances, proportions, ratios, and
ranges). Suggested statidtica techniques for performing these analyses are discussed later in this

Appendix.

More sophidicated datisticd methods, such as multiple regression, factor andyss, and
discriminant andysis may aso be gpplicable in the current generation of BRT projects. Asmore
experience is gained with the data collected during these projects, it may be possible to indtitute
some of these more sophisticated techniques.

The use of a ample andyticd framework has three main advantages. (1) the results are
expressed in numericd terms that have a direct reation to specific project objectives, (2) the
evauation results are meaningful to a wide audience; and (3) the results of a particular project
are more easly compared with those of other projects.

The types of datistical andyses which can be performed and the appropriate equations and
tables to be used in performing these analyses and determining sample Szes are presented in an
organized, thorough manner in M.G. Natrella, Experimental Statistics Handbook 1991.2
Included in this handbook are procedures for estimating average performance from a sample,
estimating variability of performance for a sample, comparing two or more samples with respect
to average performance or variability of performance, characterizing the functiond relaionship
between two variances, and comparing samples with respect to discrete classifications such as
income, mode of travel to work, etc. Other excellent references are given at the end of this
Appendix. Since most of the specific equations to be employed in dedling with these Stuations
are clearly presented in Natrela and other commonly used datitics reference books, the
remainder of this section will be devoted primarily to a discusson of some of the datisticd

congderaionsfor the evauator.

2 The evaluator is encouraged to obtain a copy of this book, sinceit is referenced throughout this section of
the guidelines as a source for tables, equations and other materials. It is available through the National
Technical Information Service, publication number PB93-196038INZ, NTIS sales desk by phone: 1-800-553-
6847 (703-605-6000) or by Internet: http://www.ntis.gov/support/orderingpage.htm
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Of the numerous cases presented in Natrdla, the following basic set of underlying questions is
considered applicable for BRT projects:

If estimates of population parameters only are required:
What is an estimate for the average vaue (mean) of the measure?
What is an estimate for the variability (variance or sandard deviation) of the measure?
What is an estimate of the proportion of unitsthat have a given characteristic?

If comparisons between two groups (e.g., before versus after, test versus control) are
involved:

What is the difference between the average vaue of the measure, X, for group A and
the average vaue of the measure, X, for group B?

What is the difference between the variability of the measure, X, for group A and the
variability of the measure, X, for group B?

What is the difference between the proportiond measure, X, for group A and the
proportiona measure, X, for group B?

The same types of questions can be asked when there are more than two groups (for example,
time periods) involved in the comparisons.  Here, however, the methods for analysis become
more complex, and greater care must be exercised in sdecting and gpplying datistica
techniques.

In connection with addressng the question “What is the vdue..?” or “Wha is the
difference...?’, it is recommended that results be given in terms of two-sded confidence
intervals. By determining a confidence interva (an interva which contains the true parameter, or
difference between two parameters, with a known probability), the decison-maker can interpret
with more confidence the sgnificance of an estimate of a populaion parameter or a difference
between two parameters.

SAMPLE SIZE DETERMINATION

Aslong as appropriate sampling methods are applied, the accuracy of a atistic computed from
asample will be greater with a larger sample sze. However, this rdationship can be one of
diminishing returns for very large sample szes. Moreover, there is a cod, in time and money,
which serves as a condraint on sample szes in each BRT project. The key aspect of sample
Sze determination is finding the proper balance between desired accuracy and cost: on the one
hand, the sample should not be so smal that the results lack the required accuracy; conversdy,
the sample should not be wagtefully large.

In Chapter 6, variable gratification (the categorization of collected data by such factors as time
of day) was discussed. It was mentioned that the data collection activities should be planned
with the finest levd of dratification condgtent with condraints of time, cost, and acceptable
accuracy and confidence. For example, if means are needed for trip phase by time of day by
season, then sample sizes should be determined for each combination of trip phase, time of day
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and season. It is important that this determination of desired levd of dratification be made as
ealy as posshle, snce from the datisticd point of view, the sampling plans mugt include
aufficient data in each category of interest for which cross-tabulations are to be performed. The
formulas for determining sample size must be applied with respect to each category, so that the
gopropriate quantity of data is collected for each one. Clearly, an attempt a further
dratification after the data have been collected would reduce the accuracy and/or confidence
associated with these new sub-gratifications.

The gppropriate sample size formula depends on the type of datistica analysisto be performed.
Sample sze formulas applicable for caculating means, variances, proportions, etc., are givenin
Natrdla and the references at the end of this Appendix, so the following discusson will be
somewhat generd. The sample Sze caculation process should be viewed as providing input for
the broad scoping and planning of the data collection effort. The specific sample size values
obtained from the formulas should be taken as rough indications of lower limits for data
collection, rather than as precise targets or cut-off points. Prudent expansion factors based on
expected response rates should be applied to the cdculated sample sze vaues so0 that the
ultimate amount of usable data (i.e., the net sample sze after the collection activities and editing)
is sufficient to yield results with the desired level of precison and satisticd accuracy, and dlows
for unforeseen dratification. As data are collected, it should be possble to modify sample
requirements for subsequent phases of a project.

As has been mentioned earlier, it is desred to have results presented in the form of confidence
intervals. Determining the sample sze for caculaing a confidence interva requires three input
factors:

1. Thededred confidence leve,
2. Anedimate of the variahility in the population, and
3. Thedesred precision of the results.

The confidence level of a datisticad @culation (1 - a) can be defined as the proportion of
samples of sze n for which the caculated confidence interva may be expected to contain the
true value of the population parameter being estimated. For purposes of obtaining asample size
edtimate, it is recommended that the vdue a = .05 be used. A more conservative sample sze
(i.e., bigger) would be obtained using the valuea = .01.

An edimate for variability is usudly taken as the sandard deviation. It is desrable initidly for
this vaue to be an overestimate to alow for a conservative determination of sample size. While
it is preferable to have some prior knowledge about the variability of those measures to be
collected, Natrella gives an excellent gpproach for cases where the true standard deviation is
unknown.

Determination of an acceptable level of precison is perhaps the mogt difficult input factor. In
the case of estimating means, variability measures, and proportions, the task is to determine the
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acceptable accuracy®, say d, for each confidence interval. The sample size cdculated on the
basis of a prescribed d and a = .05, reflects an acknowledged (permissible) risk that 5 timesin
100 the red precison will be worse than d. In the case of estimating the difference between
means or between other gatidtics, the anadogous task is to specify the absolute vaue of a
minimum desired detectable average difference b. Here, too, if a = .05, then the sample size
will reflect an acknowledged risk that 5 out of 100 times the true difference between the two
groups being compared will exceed b.

In establishing values for d and a, consideration must be given to the problem of trading off the
cost versus benefits of increased precison. The cost of increased accuracy can be seen asthe
margind amount of time and money needed to collect an additiona sample unit. The benefits of
increased accuracy can be viewed in terms of additiond confidence in the results of a particular
project and the consequent willingness of FTA to make policy and funding recommendations on
the basis of these results. Clearly, FTA does not want to encourage cities to implement BRT
innovations which have only a negligible impact on the qudity or usage of trandt sarvice this
would argue in favor of setting relatively large vaues of d and a. On the other hand, thereisa
desre to learn whatever possible about the effects of implementing new techniques; if the
minimum detectable difference is set too large, the resultant sample sSze may be too smdl to
detect the existence of minor, possibly unanticipated changes which might be of interest.

Working with FTA, the evauator should indicate the value of d or a selected for each measure
to be collected, and should explain the rationde for choosing the particular value in terms of the
cost- benefit condderations discussed above.  1ssues concerning sample size determination and
precison are discussed in Sampling Techniques, by W. G. Cochran, and other references at
the end of this Appendix.

DATA COLLECTION

Once the minimum sample sze for each dratification category of each sampled measure has
been determined using the appropriate formula and the above three prescribed input factors, the
data collection phase can be implemented. As was mentioned above, the evaluator shoud
apply a prudent expansion factor based on the expected number of non-respondents to the
minimum sample size to obtain atarget sample sze.

Feld observations should be scheduled for a sufficient number of days to collect the target
quantity of sample units. In most cases, the scheduling of data collection will present no
particular problems: the required number of “representative’ days can be designated, as well as
dternae dates to be used in the event of unusud weather conditions or other atypicd
occurrences on the planned dates. However, there may arise a Stuation where the day-to-day
vaiability is known or suspected to be sgnificant in reldion to the variability within aday. In
this case, arbitrary spreading of the data collection phase over severa consecutive days may
adversaly affect the inferences to be made. Depending upon the project objectives, it may be

3 « Accuracy “ refersto the half-width of the confidenceinterval. If aconfidenceinterval isexpressed asthe
estimate plus or minus d, then “d” represents the accuracy of the estimate in this discussion.
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more gppropriate to schedule data collection for consecutive weeks on a particular day of the
week (the most representative day).*

ANALYSISMETHODS

Since numerous Satistical methods are available, the balance of this Appendix discusses afamily
of gatistical techniques appropriate for project andyses. The measures can be classfied as
discrete or continuous. A discrete measure is one that assumes only a fixed and known set of
vaues. Examples of such measures would be passenger counts, responses to qualitative
questions, and classfications of survey responses into categories such as “yes/no.” Continuous
measures may assume (in theory) an infinite set of values. The accuracy of these measures is
congrained only by insruments used in collecting the data and the errors inherent in the data
collection methodology. Examples of continuous measures are travel time and vehicle speeds.

Depending on the type of measure being collected, one or more of the following atistics may
be obtained:

1. Averages (mean vaues),

2. Standard deviations (variances),

3. Ratios, proportions,

4. Rangesfor the raw data, and

5. Frequency distributions of the raw data.

In addition to these five basic datistics, past experience on severd FTA projects indicates the
importance of the more complex measures such as the coefficient of variation, namely, the ratio
of the standard deviation to the arithmetic mean, and Satistics associated with multivariate
andyss, such as the coefficients of determination, standard errors, and “t” datisics. The
evauator should be dert to the potentid use of other satisticad measures in the andyss of
project data.

Confidence intervas will be computed for differences between means and proportions and for
ratios of variability measures. The procedures for calculating confidence intervals on ratios of
means and other ratios will not be given here, due to the complexity of the mathemeticd
formulas.

Actud caculations of confidence intervas depend usudly on four dements (1) the sample
datistic being used to estimate the population parameter (defined above); (2) some measure of
variability associated with this gatidtic (e.g., the sample stlandard deviation); (3) the confidence
leve; and, (4) the sample size.

* The preceding discussion deals with day-to-day variability with aknown pattern. In the unusual situation
of day-to-day variability which exceeds within-day variability and does not follow a particular pattern, the
target sample size must be calcul ated according to different procedures, which give a number of sample days
aswell asanumber of samples per day.
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Commonly used confidence levels have 99 percent and 95 percent probabilities associated with
them. These correspond to a = .01 and a = .05. It is recommended that the evauator
compute and report confidence interva estimates based on both values of a. This dlows the
decision-maker to assess both intervas and to determine which risk level is acceptable. (Note:
For a = .05, while there is a 95 percent chance that the method employed will contain the true
vaue of the parameter being estimated, there is also a 5 percent chance that the intervals will not
contain this true value).”

It should be noted that the sample size, “n,” which should be used in computing confidence
intervas is the actud number of sample observations made, which, in most cases, will be
different from the number origindly planned.

Appropriate methods of andyss are now described in terms of discrete and continuous
measures. It is implicit in any andyses performed using inferentid datistica methods that the
reasonableness of assumptions will be tested, for example, normdlity. If the data being collected
can be classfied as discrete, the following techniques may be used:

1. Confidence intervas on a sample proportion to estimate the true population proportion.
The gppropriate techniques here will be to use ether the binomia digtribution or the
norma digtribution, depending primarily upon the sample size.

2. Confidence intervas on differences between two proportions. In this Stuation, the
goppropriate methodology is again to use the binomid distribution or normd didtribution,
depending on sample sze®

If the data dement being collected during the project can be classfied as continuous, then
appropriate methodol ogies which can be used are:

1. Edablishing confidence intervas on sample mean vaues to estimate populaion mean
vaues. The gppropriate methodology will involve the student’s “t” didtribution.

2. Edablishing confidence intervds on sample mean differences. The appropriate
methodology will be to use the sudent’s “t” digtribution.

3. Determining whether differences observed from more than two sample mean values can
be classfied as sgnificant. The gopropriate methodology here would involve use of the
F digribution and the andlyss of variance, coupled with the application of appropriate
linear contrasts techniques.

4. Edablishing confidence intervas on asingle variance. The appropriate methodology will
be chi-square.

5. Egablishing confidence intervals on ratios of variances. The appropriate methodology
will be the F ditribution.”’

® 1t should be noted that while the use of confidence intervalsis required, the evaluator may apply statistical
tests of significance, where appropriate.

® When appropriate, other methods, such as chi-square, may be used to assess significance of differencesin
discrete classifications where there are more than two alternatives.
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METHODOLOGY DOCUMENTATION

The evaduator shal document and explain dl consderations in data anadyss and sample sze
selection for each measure including:

how variahility was estimated,
rationde for the desired level of precison chosen, and

how the find sampling plan was established to ensure that an adequate sample sze
would be avallable for andyss

In addition, the method planned for performing al datistica calculations and tests should be
documented by reference to the gppropriate equations and tables in Natrella or other reiable
SOurces.

REFERENCES
Thefollowing are consdered to be excdlent references for statistical methods:

Cochran, W.G., Sampling Techniques, John Wiley & Sons, Inc., New Y ork, 1977.

Moore, David S. and George P. McCabe, Introduction to the Practice of Satistics,
W.H. Freeman & Co., New Y ork, 1998.

Natrella, M.G., Experimental Statistics, Nationa Bureau of Standards Handbook 91,
U.5. Government Printing Office, Washington, D.C., 1966.

Snedecor, G.W. & W.G. Cochran, Satistical Methods, The lowa State University
Press, Ames, lowa, 1989.

All but Natrellamay be purchased a most university book stores or through Amazon.com. See
the footnote for purchase information on Natrella

" For more than two variances, tests of significance rather than estimating confidence intervals may be
appropriate.
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APPENDIX B

SURVEY EXECUTION AND DESIGN

It is anticipated that the evauation of every BRT demondration will require data that can be
obtained only from surveys, and will therefore require some form of survey data collection.
Among the possible survey respondents are BRT service users, auto users, and service area
resdents who do not use trangit. Typica survey objectives might include: determining user and
non-user characterigtics, atitudes toward transit service, and past and present travel behavior;
and measuring moda shift. Although the specific contexts in which the surveys are conducted
may differ, thereis ill aneed for consistency of procedure in survey design and data collection
to insure comparability of results

In surveys, the researcher is collecting data from red life Stuations, which means that many
unanticipated, spontaneous, and unusua Stuations will arise. To compensate for the survey
rescarcher’s lack of control of the experimenta Stuation, the need for consistency and the
establishment of generd policies or guiddinesto handle agreet variety of possble developments
ismost important.

This Appendix contains guiddlines for use in formulating and carrying out surveys. It discusses
how to define the populations to be sampled (i.e., the survey universes), describes how to sdect
samples that will be representative of that universe, examines techniques for surveying the
samples sdlected, presents suggestions as to survey content and format (induding a ligt of
standardized questions and, in some instances, standardized responses to serve as a basic st
for most surveys), and discusses the problem of non-response bias.

It should be stressed that this Appendix presents no hard and fast rules, but merdy guides the
evaduator in designing and executing surveys. In determining survey methodology, the eva uator
should congder potentid dternatives and give the rationde for decisons made in terms of the
survey objectives, ste characterigtics, and any other reevant factors that have influenced the
decison.

It should dso be noted that the typica limited budget for a demongration evauation would
likely preclude the evduator from conducting these types of surveys, dthough the transt
operator may be able to provide resources for a user survey, and often does conduct one as a
matter of course. Neverthdess, the survey guiddines are presented for those fortuitous
circumstances that would support survey research, for the information they provideisinvauable
to understanding the effects of a BRT system.

DEFINING THE SURVEY UNIVERSE

The firgt sep in executing surveys is to define the survey universe (i.e,, the groups about which
the surveys are seeking knowledge). It is gpparent that knowledge about BRT service users
travel behavior, characterigtics, and atitudes toward trangt is needed in an evaduation of BRT
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sarvice. Further, an evduation of BRT service will usudly not be complete without some data
on nonusers, paticularly to identify who they are and why they do not use the service.
Accordingly, there are two survey universes that are relevant for BRT demondtrations: users of
the BRT service, and non-users of the service. Users are defined as those who ride this service
at least occasondly but sill on a regular basis, eg., regularly twice a month.  Non-users, or
potentia users, are defined as those using aternate modes (i.e., other than the BRT service)
who make trips that could be made on the BRT service.

Occasiondly, there will be a third survey universe of interest, the generd population of the
region in which a BRT demondration is being implemented. Attitudina surveys of this universe
will be used to obtain a profile of the community in which the BRT sarvice is being provided. It
should be gpparent that many of the questions asked users, nonrusers, and the generd
population will be different.

Definition of the BRT service area dlows a more precise definition of non-users and the generd
population. The BRT service area is defined as the area that comprises on the order of 90 to
95 percent of the origins and destinations of the users of the service. Since non-users are
potentid users, the origins and dedtinations of non-users should be comparable to those of
users. Non-users can now be defined as persons not using BRT who make trips that begin in
the origin portion of the service area and end in the destination portion of the service area a the
same times as BRT users make these trips. The generd populaion in the region of the BRT
demongtration can now be defined as the population residing within the service area.

The BRT demongtration service area may not be well defined at the outset of the project and
mug initidly be esimated. At the other extreme, in projects in which park-and-ride is a
sgnificant access mode, it may be impossble initidly to estimate the service area accuratdy. A
conservatively estimated area that includes dl possble park-and-riderswould have to beinitidly
defined as the origin portion of the project service area. Once survey data on the origins of
park-and-riders is obtained, a more accurate estimate of the service area can be made, and
non-users can then be identified.

SAMPLING THE SURVEY UNIVERSE

The next step in executing surveys is selecting an gppropriate sample for surveying users, and,
where gpplicable, sdlecting appropriate samples for surveying non-users (potentia users) and
the generd population.

The purpose of sampling is to reduce the amount of data collection required. Rather than
obtaining information from every member of the universe, the principles of sampling provide
ways to obtain information from a very smal portion of the universe. Sampling procedures aso
indicate the accuracy with which the characterigtics of the universe have been represented.

A key assumption in sampling is thet, prior to drawing a sample, the complete universe has been
identified. Therefore, every member of that universe has a known probability of being sdected
for indusion in the sample. The qudity, or representativeness, of any sampleis directly derived
from the completeness of the identification of al members of the designated universe.
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For these reasons, careful definition of the universe and selection of a source from which to
draw asampleis very important. If the liting of the universe, or the sampling source, is biased
through falure to include dl members, whether deliberate or random, the sample may magnify
the bias and may not represent the universe.

A sample of users can be sdlected from among those onboard the trangit vehicles or among
those at trandit collection points (i.e., sations), park-and-ride lots, or transfer points.

Sdecting a sample of non-users (or potentid users) is consderably more involved than it isfor
users. While the user group is identifiable (and can be directly sampled), the non-user group
cannot explicitly be identified before it is sampled. A larger group must first be sampled, and
then the trip origins and destinations of the survey respondents® examined in order to identify
non-users (i.e., those whose trip origins and destinations are within the project service areg). A
definition of the BRT service area (as previoudy discussed) is a prerequisite for identifying
NOr+ USers.

In a project in which travel by users and non-usersis in a specific direction through a corridor;
non-users, specificaly auto users, can be sampled from license plate matches. A screenlineis
selected which intercepts the main arterias carrying autos between the origin and destination

portions of the BRT service area. A sample of the license plate numbers of the autos crossing
the screenline is recorded and a list of names and addresses of the owners of these autos is
obtained from Depatment of Motor Vehicle records. This list (or a subset of this list)

conditutes a sample in which a large percentage are BRT norntusers. Some of those crossing
the screenline do not make trips that begin and end in the BRT service areg, and are, therefore,
not non-users. However, the entire sample must be surveyed because it is not known who the
non-users are until the trip origins and destinations of dl those in the sample who completed
their surveys are examined. In certain very specific cases, samples can be selected directly from
the traffic stream (e.g., a toll booths, a off-ramps, or from among carpoolers assembling at
parking lots).

In demongirations where travel by users and non-usersis not in a specific direction nor through
a corridor, the non-user wniverse cannot be sampled using the above methods. 1n such cases, a
sample may be drawn from households in the origin portion of the particular BRT route's
sarvice aea. Ligs of households from which to sdect a sample could be obtained from utility
records, insurance company records, census block statistics, telephone books,? property tax
records, etc. Many of the people in these households do not make trips ending in the
destination portion of the BRT route service area, and are, therefore, not consdered potentia

® Thisinformation is requested in the survey.

° Where the tel ephone book is used as the sampling source, thereis considerable danger of obtaining a
biased sample. Many households choose to have unlisted telephones. Also, lower income people are less
likely to have telephones, as are residents of boarding houses.

Random digit dialing not only poses potential bias problems but also will be costly because business and
non-residential phoneswill be selected.
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users. As previoudy discussed, the entire sample must gill be surveyed because the non-users
(potentid users) cannot be identified until after the entire sample is surveyed.

If the preceding method is used for obtaining a sample of non-users, it should be noted that the
households sdlected condtitute a sample in which a moderate percentage of the people are
users. It may be dedrable to identify users before they are surveyed (by asking dl those
sampled if they are users) in order to ask them questions pertaining to their use of the BRT
service.

In dl samples of households, an atempt is made in each household to survey only that individua
in each household who makes atrip ending in or near the destination portion of the BRT service
area.’® More than one household member is surveyed only when more than one makes this

type of trip.

Where a sample of the genera population of a region is needed, the sample will dways be
selected from among the households in the BRT sarvice area. Again, lists of households can be
obtained from utility records, insurance company records, telephone books, census block
datistics, etc.

Regardiess of the methods chosen for sdlecting samples of both users and non-users (and
possibly of the generd population), every effort should be made to assure that samples selected
are unbiased and large enough for the desired dtatistica confidence. Such an gpproach involves
estimating the percent of persons surveyed who are in the universe (i.e.,, who make gpplicable
trips in the BRT service ared), estimating the response rate, and developing a random selection
process that aims at the desired number of samples.™

In developing a random sdlection process to sample users onboard vehicles, examination of
vehicle operating schedules and recent passenger counts, if available, will be necessary to design
where and when to sdect the vehicles on which to sample users.  However, the following
sources of bias in vehicle operating schedules must be considered when deciding on a particular
schedule for developing a sampling source: (1) unscheduled vehicle runs, most likely to occur
during peak hours, and therefore with high passenger loads; (2) schedule delays, breakdowns,
and accidents, aso most likely to occur during peak hours when there are high load factors, and
(3) the occurrence of externd influences on ridership in the interim, such as a srike among
people who might have formerly used this mode of transportation, the opening of a new
shopping center or school along the route, or unique events such as a concert. These sampling
hazards should be kept in mind and some attempt should be made to build corrections into the
research design to compensate, such as oversampling on certain routes.

In many Stuations, developing a random sdlection process that obtains the desired sample size
smply involves sdecting every 1" person going past agiven point, or every J" person on alist of
users of a given system, or every K" person on a list of employees a a given location, or

' This comment is al so applicable to surveys that are sent to registered automobile owners whose names
were obtained from license plate matches.

™ See Appendix A for adiscussion of sample size determination.
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recording the license plate number of every '™ auto going past a given point. To obtain a
random sample of the households in the origin portion of a project service area, every M"
household on a lig of dl of the households in the area could be sdected; or the random
clustered household sampling method could be used. This method divides the origin portion of
the BRT service area into smdler areas (usudly blocks) of approximately equa population and
randomly chooses a sample of the resulting clusters in which every household in eech cludter isa
part of the sample.

The posshility of sampling bias occurring through use of a particular sampling method should
not rule out its use. That sampling method may be very appropriate in certain demonstration
evaluations. However, where little can be done to minimize the effect of bias, other sampling
methods should be considered.

For each survey required for a particular evaluation, the evaluator must carefully describe the
universe to which survey research findings will be generdized and identify the most complete
enumeration or sampling source avalable for that universe. Actud sdection of a sampling
source must be judtified in terms of its complete coverage of the affected universe and dso in
light of the survey objectives.

TECHNIQUES FOR SURVEYING THE SAMPLES SELECTED
The find diep in executing a survey is determining what techniques are applicable for surveying
the samples that have been sdected. There are five basic techniques for surveying these
samples.

1. Sdf-administered questionnaires handed out by individuds (eg., survey takers, bus

operators, personnd at employment or activity centers), and collected by individuas
(not necessarily the same individuas who handed out the questionnaires).

2. Sdf-adminigered questionnaires handed out by individuas and returned by mail.
3. Sdf-adminigered questionnaires given out by mail and returned by mail.
4. Face-to-faceinterviews.

5. Teephoneinterviews.

A summary of the gpplicable techniques to be used with each possble sampling method is
shownin Table B-1.

With dl of these techniques, the greater the amount of persona contact between user and
survey takers, the higher the response rate and the qudity and detall of the responses.
However, the grester the amount of persond contact, the higher the cost.” In fact, the
face-to-face interview initiated a homes, while diciting the highest response rate, is generdly
too codtly to be congdered in the evaluation process. It should only be used in conjunction with

2 n choosing a survey technique, careful attention should be paid to costs associated with the data
processing and analysis of survey findings.
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the random clustered household sampling method, where the number of persond home
interviews to be conducted issmall and coversasmall area.
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By sgnificantly decreasing the area in which a given Sze sample lies, the cost of using persond
homeinterviews is reduced.

Where a sdf-administered questionnaire is used to survey a sample, the response rate will
inevitably be lower than where a face-to-face or telephone interview is used. To improve the
response rate it may be desirable to allow for awave of follow-up procedures, such as phone
cals and postcard follow-up.

Genadly, the sdf-administered questionnaire is the most easly conducted and most cost
effective survey technique. Sdf-administered questionnaires initiated onboard or at collection
points are most widely gpplicable. If the questionnaires are short enough to be completed by al
users while they are onboard and there are few standees, the users should be ingtructed to
complete the questionnaires while onboard and return them as they leave the vehicle. If the
questionnaires are initiated onboard and the number of vehicles on which users are surveyed is
not large, consderaion should be given to sationing survey takers onboard each vehicle to
hand out and collect the questionnaires, give indructions, and answer any questions. If the
questionnaires are initiated at collection points and the number of points at which users exit their
vehicles is smdl, consderation should be given to saioning survey takers a the exit points to
collect the questionnaires. The additiona expense incurred with this degree of personal contact
generdly pays off (i.e, the response rate is high and the cost per completed survey islow).

Where sdf-administered questionnaires are too long to be completed by dl users while they are
onboard or where there are many standees, questionnaires that are to be mailed back should be
used. The response rate for a mail back questionnaire will be congderably lower than for a
questionnaire completed onboard. This should be kept in mind when developing the sampling
techniques.

When quedtionnaires are sent by mail, a cover letter giving ingructions and explaining the
purpose of the survey should accompany each questionnaire as should a sdf-addressed,
stamped envelope for mailing back the completed questionnaire. 1t would aso be advisable to
send out “follow-up” letters a few days after the questionnaires are sent out as a reminder to
complete the questionnaires.

There are Stuations where it is advantageous to conduct persond interviews of users on board
vehicles or a employment or activity centers rather than to have these users complete
sdf-administered questionnaires™® Where the total user population to be surveyed is smdl, a
high response rate may be needed to obtain the desired datistical confidence. In such a
gtuation, a sdf-administered questionnaire may not obtain a high enough response rate, while
persona interviews of users onboard vehicles would. Where there may be consderable
misgivings about answering a sdf-administered questionnaire, as on a crowded bus or train in
some parts of some large cities, persona interviews conducted onboard vehicles may be the
only means of obtaining an acceptable response rate. Where the users are asked about
concepts or behavior that are somewhat complex, a persond interview will be much more

3 When surveying users at collection points, there generally is not enough time to question them by
personal interview.
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effective than a sdlf-administered questionnaire in diciting usable responses. Handicgpped and
ederly users may have difficulty writing and it may be difficult for them to respond to a lengthy
sf-administered questionnaire. It should be noted, however, that persona interviews are
relatively expensve and |abor intensve.

Where samples are selected from service regidtration lists, users can be sent sdf-administered
questionnaires by mail. Where it seems that a very low response rate would be obtained with
the mail back questionnaire, or where a high response rate is necessary, the telephone interview
would be superior. Moreover, sampling bias would be minimized because al of the users
telephone numbers would be known from the regigtration lists.™*

For surveying nortusers, no single technique is widely gpplicable. Where a sample of auto
users crossing a screenline is surveyed, questionnaires could be sent to the auto driversby mail
(from license plate matches) or these same auto drivers could be interviewed by telephone; or
auto users selected directly from the traffic stream could be given questionnaires to be returned
by mal. For example, where autos are sdected by license plate matches, auto occupancy
would be recorded dong with license plate number, and mail-back surveys mailed out
according to auto occupancy. Those who drove adone would be mailed one form; carpool
drivers would be mailed a set of different forms — a carpool driver form for themsdves, and
carpool passenger forms to be given to those who rode with them.

In some projects, where autos are dso selected by license plate matches, the owners of the
observed autos are surveyed by telephone interview. No carpool passengers are surveyed in
this fashion. Carpool passengers can be surveyed directly from the traffic stream. In one
Stuation, many carpoolers assembled at a parking lot designated partly for that function. Before
each carpool left the lot, eech member of the carpool was given a sdf-administered
questionnaire to be mailed back.™

Where a sample of households in the origin portion of the BRT service area, which includes
nonusers (and users), is surveyed, no sngle survey technique is widdy applicable.
Questionnaires could be sent to those households by mail to be returned by mail, telephone
home interviews could be conducted, or personad home interviews could be conducted where
the sample is sdlected using the random clustered sampling method.

|t should be noted, however, that it will not be possible to contact all the persons in the tel ephone survey
sample within the survey time frame. Those not contacted may be a non-random group, with the result that
those who are actually interviewed by telephone may no longer be representative of the universe.
Therefore, great care must be exercised when sampling by telephone interview.

1> Some carpool drivers might have been surveyed twice if their license plates had been recorded.
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SURVEY DESIGN PRINCIPLES

It is gpparent that, because different surveys are directed a different survey universes using
different sampling sources and different techniques, surveys will vary in content and length.
Nonetheless, dl surveys should have the same basic organization, sequence, and wording of
dandardized questions. This section presents basic principles on survey organization, length,
question sequence and wording, and standardized questions that should be followed in designing
the survey instrument.

Organization

There should be four ements in dl surveys, whether user or non-user. They are in order of
their gopearancein asurvey:

1. Introduction - a brief satement of the survey’s purpose and potentid utility, with a
guarantee of the respondent’s anonymity. It will be verbdly ddivered if an interview
technique is sdected, or will be printed a the beginning of a sdf-administered
guestionnaire.

2. Behavioral and attitudinal measures - the sat of questions specificdly measuring the
survey’ s objectives, such as moda shift, satisfaction with level of service, etc.

3. Social and demographic measures - measures of the respondent’s characteritics
which are important in interpreting responses to behaviord and attitudinad messures.
Trangtion to this section of a survey needs to be prefaced by either a verbd or written
explanation, as appropriate, such as*“Now we need to know alittle about you....”

4. Closing statement - a brief expresson of thanks to the respondent for participating,
with some indication of the importance of the eventud utilization of his or her responses,
and arequest for any additiona comments or observations from the respondent.

Length

The overdl length of the survey depends on the particular objectives of the survey and the
survey techniques used. In genera, surveys completed on trangt vehicles should be shorter than
surveys completed a home, dnce they are being administered to respondents in a less
comfortable environmen.

Sdf-administered questionnaires that are handed out should be limited in length to one Sde of a
sheet of paper or alarge postcard. Surveys to be completed on board transit vehicles whether
in interview or sdf-administered format should be shorter than surveys which can befilled out at
the respondent’ s convenience and returned by mail. Moreover, they should be short enough so
as not to delay the respondent in his or her trip or current activity.

The length of surveys completed in the home varies depending on the method of administration.
Telephone surveys should be fairly short, sinceit is difficult to retain a respondent’ s attention for
a long period given the impersonad nature of the contact. Sdf-adminisered mail-back
questionnaires sent by mail can be longer than sdf-adminigered mail-back questionnaires
handed out because there is more opportunity to enlis the respondent’'s cooperation.
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However, mail-back questionnaires given out by mail should not be as extendve as persond
interviews conducted in the home, since the persona contact that might encourage longer
attention/cooperation span on the part of the respondent is lacking.

Question Sequence and Wording

There are saverd generd principles describing question sequence and wording that apply to all
questions. First, questions should be arranged logicaly to lead the respondent into the frame of
reference of the issue under study. It is recommended, following the introductory materid, to
begin the quettionnaire or interview schedule with behaviord or atitudind measures of
responses to transportation aternatives because these relate most closdy to the announced
purpose of the data collection effort. Social and demographic data should be collected near the
end of the survey instrument, reserving any questions about income as near to the end of the
survey aspossible’

Questions should be as short as possible and in clear, concrete language. Visud format is aso
important. In sdf-administered questionnaires, it enhances the respondent’s likelihood of
completing the form, and in interview format surveys, it makes the interviewer’s task faster and
easer. Questions should be laid out in a fashion that ensures ease of coding and processing
responses and appears attractive at the same time.  Fill-in questions should be avoided where
possible, because they often are difficult to code. Where they are used, responses should be
anticipated and precoded to reduce costs and enhance consstency. Coding blocks can be left
a one sde of the survey form and the field editor an check to insure that the informetion is
transferred. This procedure makes the survey also function as a code shest.

The survey should be checked to ensure thet it is as parsmonious and logica as possble.

There are severd ways to do this. Firs, every question ought to be evduated to ensure that it
contains a measure related to one of the specific project objectives’” Second, advance
planning of the data anadlyss, through the congtruction of dummy tables, will ensure that every
variable measured contributes to the eventud data andysis. Findly, pretesting of the survey
ingrument will identify any questions that, because they are confusing to the respondent or of
limited use in the evduation, should be changed or omitted. Pretesting has even more
far-reaching benefits. It will uncover any procedurd problems that may arise during the survey
process and reved any problems that are particularly characteristic of urban aress, such as a
gzable number of functiond illiterates or foreign-speaking respondents who cannot complete a

1 Measures of income are the most difficult to obtain accurately and arouse the greatest resistance in the
respondent. Sometimes arespondent is asked to point to an amount on acard or circle an approximate
amount to lessen the resistance. However, these items arouse such resistance that they must be at the end of
the data collection instrument so the hostility produced will not destroy the rest of the data collection.

Y There are several exceptionsto this guideline. Oneisthe deliberate use of one or two meaningless
guestionsin order to lead the respondent into a particular frame of reference. Thisisfrequently necessary
when seeking information on embarrassing, unusual, highly specific or complicated issues. Thistechnique
will increase the validity of the data subsequently collected. A second exception is measuring respondent’s
opinions of service featuresthat have not changed as part of a set of questions about respondents’ reactions
to improved service features. This combination of questionswill measure if a“halo effect” existsin terms of
respondents’ overall positive evaluation of the mode when only several aspects have been changed.
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sdf-administered questionnaire or a systematic refusa to participate by some sectors of the
population. The pretest of the survey form must be conducted with respondents as identical to
the proposed survey respondents as possible without contaminating the sampling source.

Findly, al survey questions should be checked againgt the provisons of the Privacy Act of
1974, as amended to verify that none of the questions violates any person’s right to privacy as
spelled out in the Act. It is recommended that the evaduators familiarize themsdves with the
provisons of the Act.

Standar dized Questions

It will be useful to ensure that the data collected in different evauation projects is consstent in
format. Fogtering consstency means that an economica amount of data will yidd a maximum
amount of information. Secondly, condstency facilitates comparisons among demongtration
projects, generating a more universdly applicable understanding of the responses to trangt
innovetions.  Finaly, and most importantly, developing conastent data collection categories
based on the U.S. Census will mean that results of any survey can be corrected for sampling
eror and potentidly extragpolated to any other area.  This section discusses standardized
formats for measuring behaviord, atitudina, and social/demographic characteridtics.

Behavioral Measures

Sdlecting questions to measure travel behavior is very much influenced by the objectives of a
paticular survey. Some genera suggestions regarding ways to collect and code such
information to increase consstency among surveys will be described.

The following measures of travel behavior are mogt likely to be asked in dmogt every survey:
trangt vehicle boarding and dighting points (user surveys only), trip origin and dedtination (all
described in terms of addresses), trip purpose, and trip start and end times.  Additiond
frequently collected data for surveys includes access mode to trangit vehicle, when the present
mode was firgt used for this particular trip, the former mode used for this particular trip (with
some atempt to control for externd influences, such as aresidentiad move), reason for switching
mode, fare (user surveys only), tolls and parking cost (potential user surveys only), frequency of
use, access time at origin and destination (user surveys only), availability of mass trandt
aternatives, back-up mode, and number of transfers required (user surveys only).

Figure B1 contains examples of bus, automobile driver, and automobile passenger surveys.
These exhibits, together with the preceding discusson, indicate the possble range of information
that can be collected on travel behavior. Clearly, the determination of particular itemsto include
in a survey depends on the survey objective, desired survey length, and circumstances under
which the survey is conducted. Furthermore, the specific wording of the questions relating to
travel behavior depends on the method of administering the survey and the overdl tone of the
survey and sequence of questions.

Figure B-1. Sample Survey Forms
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On-Board Bus Survey
KATY TRANSITWAY TRANSIT USER SURVEY

This survey is being underiaken by the Texas Transportation Institore, the Texas State Deparrment of Highways and Public
Tramsporiatien and METRO in order to obiain information about your use of the Katy Transitesy. Flease take a few minutes
1o answer the questions below and return this form 1o the survey Laker before leaving the bus.

1.  Whai Is the purpest of yoor bus trip thls mornlag? —Work —School — Other
1 Whal ig the Zip Code of the ares where this trip began? (For exampie, ifl this trip began from your bome this morning,
you would list yewr beme Zip Code.)

3 Witk final destination on ihls trip? —Dowalown Galleria (Ciry Post Oak /Uptown
_rurﬁm Center _ Greenway Plaza —_Other (specify Zip Code )

4. Have you ever carpooled or vaepocled on Lhe Lransitway? —Yes, carpooled Yz, vanponled — Mo

How imporiant was the opening of the Rary Transitway ln your declslon o ride the busY
—_¥ery imporiast —Somewhai imporiaot —_ Mot important

6. I the Kary Traositwny bad po] opened, would you be riding & bus mow?
—Yeas —in Mol sure

7. How many miowes, If any, de you believe this bus presenily saves by uxiog ibe Katy Traasliway insiead of the reguler
traffic lnoes? — Minues in the moming — Mioules in the cvening

£ Hew long have you bees o regular bas rider oo the Katy Traasibeay?

9. Dost your emplover pay for any part of your bus pass?
— Yz, my cmployer pays § toward the codd of my bus pass and 1 pay §
Mo, | pay the enlise amount

10 'Was s car (or other veblcle) avallable to you for this trip? (check oor)
Mo, bus was ondy prectical means
—_Yes but with considerable incoovenience 1o others
—_Yes, but 1 prefer 1o take the bus

11. Before vou began riding @ bug oo the Kary Transireny, how did yoo pormally make this trip? {check one)

— Drove alooe —_Rode a park-asd-ride bus oa the regular frecvay lanes

— Carpooled —rode & regular route or express b

___ Vaopoaled —Did oot make this trip price (o nainp the Kary Transirsay
— Ouber (specly ]

1I. Do you feel that the Katy Transiteay s, of present, being sufMiciently atilized to jusufy the projec?
. —No —Noi sure

13, What ks your... Age? Sex? Oecupation?

14, What ks the last level of scbool you bave compleied?
Commenis:

THANK YOU FOR YOUR COOPERATION.
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Figure B-1 (continued)

Carpool/Vanpool Survey

e
METRO _JA o
. P - Famien, Temse 772083478
UEEEE
e T 13 FIRan
Dear Carpooler/Vanpooler:

Your vehicle was observed traveling eastbound on the Katy Transitway the week of
September 11. Since you bave firsi-hand knowledge of the transirway, we need your help
in a special study being conducied by the Texas Transponation Institute, a ransportation
research agency of the Texas A&M University System. Because the Kary Transirway is one
of the first transirways 10 operate in Texas, it is extremely imponiant that we determine what
effect it has had on your travel.

Flease take a few minutes to answer the enclosed questionnaire. Your answers will provide
valusble information concerning carpooling/vanpooling on the Kary Transitway, Becauss
of the small number of poolers contacted, your specific reply is essential 10 ensure the
success of the project. All information you provide will remain strietly confidential.

Your cooperation and timely return of the completed questionnaire in the enclosed postage-
paid envelope will be greatly appreciated. Thank you for your time and assistance in this
imporiast undenaking,

METRO

Enclosures
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Figure B-1 (continued)

| G T

[ o

1.
1L

14,

15

1k
1.
9

KATY TRANSITWAY CARPOOL/VANPOOL SURVEY

Undermmaan Tramgperusson fuminse, The Tesas AdM Unhornry Spmem i coopernsion wish the Tomar Soas Deparsment of Hipeeay
z’mwnmmnmqmmdﬁm'. #f Trumper

Is your vehicle a carpood or & vaspool?  ___Carpool  __Vaspoal

What Is the primary porpose of your s.m. carpeol /ranpeal trip? — Work —School — Other
How many members are regularly In your carpool franpesl (Incloding yoorself}?
Who makes up your carposl/vanpool provp?  ___Famiy Members __ MNeighborhood friends _Co-Workens

Dioss your carpes] /vanpoal use a park-asd-ride or park-and.pool lot us & staging area?
—Yes (please specify which lot you rypically use 3 —Na

Bow loog have you bees & regular user of the Kary Transiteny?

Which iransiteyy entrance do pormally use 1 the Katy Trapsitway in the morning?
110 West of 5H & e M'ﬁ;.'ﬂna.m Flyover Ramp —Geszner

What time do you sormally enter the transitwny |8 the moarniog? aEm.

What Is carpool destination? —_Downiown —__ Galleria/Ciry Post Oak/Uptown
__ar::-;?hu h'w_fm Medical Center  Other (specify ZipCode__________ )

Whes did you Jols your presenl earpool/vaspesl? Momb Year;

How Important was the Katy Traasitway is your decislon to carposl /vanposi?
—_Very imporant — Somewha! important Mol important

If the Katy Traoslteny bad pol opened to carpools /vanposls, would you be carpooliog/vanposliog now?

—EE . — Mot sure

Prior ta carpooling/vanopecling on the Katy Transitway, how did you pormally make this trip?

- Bus —Vanpool — Carponl
—_On the Kary Freeway geoeral purpose lanes
___Bus F_'c"up-nﬂl ___Carpood — Drove Alooe
— Oa o paralle! street or highway (Street Name i
- Bus —_Vanpool — Carponl —__Drove Alone

— Did oot make thiz trip

How many mioutes, If sey, do you belicve your carposl/ranpood saves by usiog the Katy Transitwny lnstead of the regular
traffic lanes? Minutes i Lhe morming Misotes in Lhe evening

Do you feel that the Kary Transiteny b, ot presest, safMciently willized to Jusufly the project?
—Yea Mo Not swre

What b your ... Age? Sax? _ Cercupation?

What by ibe last bevel of school you have compleird?

What ks your beme Zlp Code?
‘Wi would sppreciaie your sdditlonal commenis

THANE YOU FOR TOUR COOPERA TIOMN.
Firtir rues Sy form o P sy raveenarmtt m v OBSET-Plid eesiopr proeeded
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Figure B-1 (continued)

Freeway Motorist Survey

L ifen Tramai A iy
METRO 4 T
L= LT AL ]

L ] wension, T TR0 A

T ————
AT e oy W 7
e TA3 74000

Dear Motorist:

Your vehicle was observed wraveling easibound on the Katy Freeway between 6:00 and
9:00 am. the week of October 9. Since you have first-hand knowledge of raffic conditions
on the Katy Freeway, we need your help in a special study being conducted by the Texas
Transporiation Institute, a research agency of the Texas A&M University System.

To belp serve the wravel demand, the State Department of Higbways and Public
Transportation and the Metropolitan Transit Authority have constructed the Kary
Transirway for use by buses, carpools and vanpools. Vehicles using the transitway travel
inbound toward downtown in the morning and outbound in the afiernoon. The Kary
Transitway bas been construcied within the median of the freeway and is protected from
other traffic by concrete barriers. The location of the transitway in the median has not
reduced the number of general traffic lanes available 10 motorists.

Because the Katy Transirway is one of the first transirways to operate in Texas, we need
your help 10 determine how it is working. Please take a few minutes 1o answer the
enclosed questionnaire. The questions on this survey concern your routine trips made on
the Katy Freeway in the moming, from 6:00 2.m. 10 9:00 am. Because of the small oumber
of motorists contacted, your specific reply is essential 10 ensure the success of the project.
Your answers will remain stricily confidential,

Your cooperation and timely rerurn of the completed questionnaire in the enclosed postage-
paid envelope will be greaily appreciaied. Thank you for your time and assisiance in this

important undenaking,

METRO

Enclotures
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Figure B-1 (continued)

1.

13

KATY FREEWAY MOTORIST SURVEY

Llaeriaien by shr Temar Tranponasies tamam T Tesas ALN Uahermy Spaem
warh b Tioukt A
L TS s o R Coomts S e 15 Prpimar o oot
What was the purpass of your trip? Wark —Schoal — Driber

Whal are your reasans for driving your ear oa the [reewny malolases rather than traveling lo & high-sccupancy vehicle
oe the ransitwny?

— o w )
Hew many days per week do you normally make this trip?

Emﬁmm’f?upﬂ —METRO regular route or expiess bus
— Carpoal —METRO park-aad-ride bus —Onher (spealy y

How many peoplr {iocludiag yoursell) were Is your vehicle lor this 1ip?

Which on-ramp did you use to enter the Kary Freewny for this trip?

Vhat was the deatlastion of your trip?
— Downiown — Texas Medical Ceater o Onber (specify Zip Code below)
— Greeeway Flaza — Galleria/Ciry Post Oak/Uptiowa

Based on your observation of the sumber of wphicley curreadly uslng the Eaty Trasaitway, do you feel that It s being
puliciently willized? —_—Tn —NKo —_Nol wure

Basrd on your perception of the pumber of prrynng curreatly beiog moved oo the Katy Traasitway, do you feel that It s
belng suMiciently utilized? — VS —No — Mot sure

Do vou feel that tbe Kary Tracsitway i3 & good trassportstion improvement?
. - No — kol sure

What s your . . . Age? Sex? Occupation?
What Is the last level of school you have compleied?

What ks your bame Zip Code?

Wy would sppreciate your additional commenis:

THANK YOU FOR YOLR COOPERATION.
Pleaze revumn this form of wour eordiess convenience in the posiope-paid envelope provided

BRT Evaluation Guidelines




Figure B-1 (continued)

13818

BUS RIDERS SURVEY

IF YOU HAVE ALAEADY COMPLETED THIS SURVEY, PLEASE RETURN THIS QUESTIONMAIRE TO THE SURVEYOR
WITHOUT FILLING IT OUT.

Tha purpose of tha folliowing guestions s lo evaluate Tri-Mel's new lare colleclion system. Your answers will help Tr-
Mgl undersiand how well the new fare colleclion system i3 working lar riders like you

Since you are pan of & relstively small numoer of nders being surveyed, your answers ane very imporiant to the
accuracy of this siudy. Tri.Mal has hited an owiside research lirm 1o gather this inlormalion. You can be assured thal
the infermation you give i confidentiad, and will only be used in combBinalion with the answers from other rigers,

Ve would like you 10 complete the while part of the survey while on Lhe bus and return o 10 The Surveyor o place i
in the Box naar tha rear door. The yeliow porion 15 10 ba completed 38 200N &S POSSible and maiied postage lree 1o
Tri-bel

THAMK YOU FOR YOUR TIME AND HELP.

1, How many bus trips on the average do you usually take each wesk for each of the lollowing irip purposes?
(PLEASE COUNT EACH DIRECTION AS A SEPARATE TRIP) (Write you! answer on the lina. Pul “07 il none,)

NUMBER OF NUMBER OF
WORK TRIPS — MHOOL TRIPS
HUMBER OF NUMBER OF
SHOPPING TRIPS SOCIALRECREATION TRIPS
2. A1 whal time do you mos! often ride the bus? (Circle Ihe one number nest 1o your answer}
1 WEEKDAYS: RUSH HOUR 3 WEEKDAYS: EVEMINGINIGHT
{78 am & 48 pm) B p.m.-T a.m)
2 WEEKDAYS: MID-DAY 4 SATURDAY OR SUNDAY
9 amdpm) (ALL DAY}

3. What three bus lines ge you rige mes! often?
NUMBER LINE NAME

4. How 88 you usudlly pay your lare? [Corcie tha numbar under Lhe propar column.)

CASH BUS TICKET PASS

1 8 .75\ of 2a0ne) 1 £ 5.00(1-1one) 1 523 (% or 2.zone)

2 31.00 3-zone) 2 1 8.50 [2-rone) 2 532 (3rone)

3 5125 (AN 1one) 3 5 900 }iona) 3 540 (ANl rone)

4 § 50 [(voulh) 4 $11.00 (AN gone) 4 518 [Youlh)

5 § .75 (Honored Citgen) §  Zd.Hour [All zone) % § & (Honored Gitizen)
& Other & Ciher & Othar

IF YOU PAY CASH FARES, PLEASE G0 TO QUESTION #T
5. Whare do you vaually Duy your DRSS O Bus Lickels? (Circle Ine ONe RUMESEr Next 1O yOUF BNIWEL)

1 DRUG STORE § PLACE OF WORK

2 TELEVEM STORE 8 BY MAIL FROM TRIMET
3 BANK OR SAVINGS L LOAN OFFICE 7 SCHOOL

4 TRI-MET CUSTOMER ASSISTANCE OFFICE B OTHER

PLEASE SFECFT)
8 Are ficke! and pass oullals More oF e cofvanignt 104 you 1han balore sall-service lare eollsctian?
1 MORE CONYENIENT
2 SAME
3 LESS COMVEMIENT
i DONT KNOW
7. Mow mueh gapcount, il By, 00 you think peopls ahould pel lor purchasing lan-rice tickels in advance?
1 NO DISCOUNT 4 20% for 31.50 on ten 2-zone rides)
2 5% jor 1T on 18N 2. 700 Nde) 5 DONT KNOW
3 10% (o 754 on len 2200 noes)
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Figure B-1 (continued)

B. Pleasa cirche the rating number below which bes! cescribes your opinion of the following statements regarding

fare collection.

STROMGLY STRONGLY
DISAGREE VRRRER AGREE
i I is & bother 10 Rave tha 1 2 3 ' £
corfecl change.
b | don'l like waiting while othet people search 1 2 3 4
for thair fare.
€. | am uncertain aboyt time limits and 1 2 3 d 5
whan | should pay sxtra fare.
d. I'm uncertain aboul whane 100 DOUNJATIES Bie 1 2 3 4 5
and when | shoukd pay extra lare.
e | have trouble underslanding the informaticn 1 F) 3 4 5

printed by Ihe maching on my lichet,

Ba. What problema, if any, do you have with ihe method of collecting fares? (Write “nona™ il you hawe no problems.)

12

14,

1%
18,

1.

How mahy timed in the legl 30 days hid your Tafe been checked by a Tr-Met Fare inspecior? st
Do you think fares should ba checked morg of less often?
1 MORE OFTEM
2 THE SAME
3 LESS OFTEN
4 DONT KNOW
Lo you think more people of lewsr people pay the correct lare with sell-service are than with the old method of
collpcting lares?
1 MORE PAY CORRECT FARES
2 THE SAME
3 FEWER Pay CORRECT FARES
4 DONT KNOW
Wilh the rew squipmen] and reardodd boarding, s peiiling on and oll ihe bus laster or siower Tor you than with
ha old lare collection sysiem?
1 FASTER
2 THE 5AME
3 SLOWER
4 DONT KNOW
In general, 00 you hing seif-service tare coleclon mods of less confusing than the cid melhod of colleciing fares?
1 MORE CONFUSING
i THE SAME
3 LESS CONFUSING
4 DONT KNOW
Cwerall, i3 Iha new lare collectson sysiem beltar of worse 107 you than the old lare collection system?
1 BETTER
2 THE SAME
3 WORASE
4 DONT KNOW
Arg your
1 MALE 1 FEMALE
What is your sge7
1 15 DR UNDER d 43TO 84
2 WMTO2a & &5 OR OVER

3 XTO 4

What wis your Bpproximals lamily meome o 1REZT
1 UNDER 55000 4 15000 TO 524 999
2 55000 TO 59.999 3 EF.000 OR OVER
3 E0.000 TO 514.999

AGAIN, THAMK YOU! PLEASE TEAR OFF THE WHITE FORM AMD RETURM IT TO THE PERSON WHO GAVE IT TO
YOU OR PUT iT i THE BOX NEAR THE REAR DOOR. PLEASE FILL OUT THE YELLOW FORM AS 500N AS
POSSIBLE AND MAIL (POSTAGE-FREE) TD TRI-MET, WE APPRECIATE YOUR HELP!

BRT Evaluation Guidelines

71



Figure B-1. continued

13818

BUS RIDERS MAIL-BACK SURVEY

Vioagr rERpOAREE 10 Ty BACONG porison of 1S Burviy well PEID vl SFLErmeng hore wall The larg COISCHON SYSIEM 1§ worh.
g, Piansa fel Gut 1he Toliowing QuESLONS 25 500N &3 POIRDM ARG iium, ree of posiape, 10 Trbiet. Thank you!

1. How B0 you usudly pay poud Fare? (Cirche The ong Pumber el 10 pOur BREwer)
1 CASH pPLEASE GO TO QUESTIDN 22}
2 BUS TICKET (FLEASE GO TO QUESTION £3)
3 BUS PASS (PLEASE GO TO DUESTION 11}

L. Wiy B0 yOu Doy Dy CRAM PRI ThER Duy 8 1008 ticket?

DONT RIDE THE BUS OFTEN EROUGH TO TO BOTHER WITH A 10-RIDE TICKET
DB T mmOw 0-RIDE TICKETS WERE AVAILABLE

TICKET QUTLETS ARE WOT CONVEMIENT TD GET TD

| DOMNT mHOW WHERE TO BUY TICRETS

TICRETS ARE TOO EXFEMIIVE

) LISE USING CASH

AR R R R

QOTHER
Tl T

4 Verech ol iR Kodicweng 5 you (Rend mhduid e o g area? (Circta B 1RO BEEHY)
DISTAMCE OF TRIP (FaY BY THE MILE)

TIME OF DAY MUSH HOUR, MIGHT. WEEKEND)

ABILITY TO PaY

AGE PUNDER § YEARS STUDENTS, ADULTS. OVER &5 YEARS)

COST OF OPERATING THE ROUTE

AMOUNT OF TIME FOR THE TRiP

W R W M

OTwER TR i

4. Faied 59 B9t SCOONOung 10 IR Si1EACE ITReieg B0 The Iema o Lakad 10 MUk 1he Inp. Mow mary 100 wiuid
o [OnSser DarilY st ong Cho=Ca )

OHE IOME e Lame lare I evaryord

Twl I0MES tor gramplr W) g0 Fodiand, B} oulssts Poriiend

THREE JONES. ior suampay (4] S0wnitwn Poniand; ] side Portland: i€) ovilde Foniand

FIvE JOMES tor geampla ) Sownitwn Poriand; ) snerSity; (6} i) BetnDs [such a3 Baswsrnon

o GawriMm M) Dultyeng BUEES (MG B8 VaRcOuwr of Fores!
§ SEVEW DA wOARE JOMES based on sClusl mubpl pnd mangbes itawveled

L

8., Babed Bn pout Braesr 10 TRhe 88T Suaiten Petee Mresch 50 yOu hank fares should screkis for Bach soddionsl
roma T

L -] a 1m0
2 1w 5 18
3 5 8 S5=OunD mOT CranGE

L. HaB ihg e COIMCHaR Bl DAl el Linki 10 wift DRODEly whah FOU =arE 0A the DT
1 TES Mow maey beman o o mel M0 oat o
1 w0
3 DOMT milw

I u.-mm-ﬂmumlHﬁﬂmnﬂnf;ﬂMummmﬂmmﬂﬂmﬂhiﬂﬂ
A TPl Rl MDY PEDOSRE MO pOa B0 T la sl 30 Garn OF rou uidd B PR

L Hil Aofaetiing (508 SOwD RS COUHIT § DOLOT o yOur (ng o he lesl 30 deye?
1 YES Mbout how iongt ______ Munuies
1 wd
B Based on your besl sniemais o deisy 100 POSE wha G 0N T Bus, Row MANy 00 pou nk 80 ROl Gy Ihe cor.

raect faee?
wOE (PLEARE GO TO GRS L)

LB RO
-
-

N DR WORE

S0 OF thiad PehSnd w0 By VOB BT Mea sy B pou Ueed they Lol 16 pay the correct faea? [Chrcle &l That appty.)
THEY FORQGET T0 Pay

THEY DONT mavi Tel COMMECT CaanGl

TWEY ARE CONFURED BT Thl JO~E SYETEW

THEY REE OTHERS CREATHG

THEY Thin® TelY wiONT BE CHECEED BY & FARE nEPECTOR

THEY ARE Dx3O8ERT PECPLE

THEY JUST DON'T mavi Thi @Oy

THEY ARE UNHAFSY wiTH BEAVICE DR FARES

s R

OTHER
— ] B
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Figure B-1 (continued)

11, How 80 yOou [hink Ihese DRORIS wSually ungernay thew Tares? [Cincle all that apply)

MO PAYMENT AT ALL

MISUSE OF mONORED CITIZEN OR YOUTH PASS
SLUGS. HALF DOLLAR BILLS, ETC

FORGED PASS

OTHER

1L Whieh word 80 you think Bast oescribes & Tane inapeciar?
1 FRIENMDLY

7 INTIMIDATING

3 PROFESSIONAL

[

)

W R L B s

HELPFUL
HUEEANCE

TFLEASE BFRCIFY]

INEUFFICIENT FARE FOR NUMBER DF JDNES TRAVELED
INSUFFICIENT FARE FOR LENGTH OF TIME TRAVELED

11 Oewrall, how wall 00 you lesl far nepecion and Soung thes obs ]

1 GOOD
1 Fum

3 POOR why?

4 ND OFMMION

T T T T T T pe——

14, WAL 0N DERETy Bhould IR De Tor DOk Wi Bnf Mol kaow They padd 1he wrong fare’ Circia The

DOME nomber maxi 10 pous BnEwer )
1 NOME
2 ASKED TO PaY TwE CORRECT FARE
3 ASKED TO LEAVE THE Bus
4 BSUED A wARMIMG L]

e

FINED 35.00
FIiNED £20.00
FINED 550.00
OTHER

- samsm
15 Whal oo penally Bhould 1hers ba for petdis who 0wl Aol pay 1he comect lare on purposs® [Circla the OME number

rat 10 i Bfeiwdd )
1 MOWE H
1 ASKED TO PAY TwE COARECT FARE L]
3 ASKED TO LEAVE TmE BUS T
4 ISSUED A WaRNING

18, Arg your

1 MALE 1 FEMALE

17, Whal m your sge?
1 13 OR UNDER 4 a3TO g
i MTON § 45 ON OuDER
1 BTOM

THAMNE TOU|

o e e e o . e e i o e s e e WUCH U s e s s e e o o o o

FINED $5.00
FIMED 120.00
FINED 350,00

W - I R —

[T
Eusinesi Reply Mail —
Portiand, Oregon 7202 S
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Figure B-1 (continued)

Fleass COPLETE and BLTURN

pormnt Autharity [Bad} im erder 1o svaleile
m ¢ Your cooperatien 15 spprecisted.

Crossing Froject.

Pleate haed your geestioensire 13 the parich whi gawe 1t
drap 1t in ey maiibos [we w177 pay the postage).

this guestionnatre before lesvieg the Buk.

T CRESEING AUS PRECEWGEER SURVIY

This survey
the rFacent chanOEl made in The

b0 yeu whem you Teave the
It 1z

N? 2996

13 baing cordected for the Boiton
rosting of this bul Lo BETVE Lhe

tuss 1T shis da me1 convenlent,

T mecestary te iios ThiL Torm or otherwlse foentify yourself.

TRANE TDU FOR TOUR COSPERATION, Wy =yicome your deggeitions for wiys in which this bup service cin

h. Weere did you Baird thiz bust (Flease 6. Wherg will you go efier leaving this |11, Before Sestesber 1. Y578, how m‘-r_:'
give nearest pireet interigstion or bt d%d you travel 10 the place from
imngmark. | whith you arg mpw coming?

[ nema [C]Personal Busimess
Tireel TALETLELEION O Tancmars Ds:hmi thy.,t,.uum“ D Ledd eften than you do neo=
York EM‘!HNIH‘Lﬂ E Mers often Lhan pou de mow
How g1 you §et te Thin pust " About The SEee B3 you 80 how
F Pihsq theck 45 SRR e Shopaing [ ] Ather:
Cluateed [ mata sus T Toue fins) Gertination afeer Seaving |15+ MhiE TVPE ‘*.";"' will you pay on
ea il TrkA whis bes i3 located in: Teduy
Bln wocar ] MOTA maptd Tramatt AUl cash Tart
Tand pher {specify) 7
2 o g o Town Rton, PIERLE Stusnt naif-farg
DE:::.!F specify the nelghbortood [ stuseen transter
B. How miny gays per wesk do you mormally D Elgerly half-firy
3, Wwere did you come fros befere boaroing riar this bus (8 bus on tAis rowte)? Handicepped he1T-fars
ghis bus? mot oa b [ ]3 diys @ weet Prepatd WETA Paxs:
lar bais
e [ Personal Bustners fuiga Lewnich type of pass do you ave?
e ori [ sectanmecreat ol O ooy 4 wemt 2 e [lopk for the letter on the lef1
B‘ [t sars & weer 5 or ware dirs gide of your pass and CRECK OM]
s:-r.u: Eri:mmm o wrek Cia 0o O Do O O
Smegp her f
= x 1. On September 1, 1578, the roviing of Dhee:
3 Lhis bed wat Chamged 18 Batter serve
i, The place you came from fo lecated at: ihe Downmtowm Crenping ares. Befors 12, ::.rw.f m:m- Eatam:_m-
UM TRyling chamas wis made, how SMAF | gyrepey oG PRAT OF COWNTONM BOSTEM)
Biyl @ wigh 81d you morsally ride
TreuL KGErEIh o WArTLEL TRLEFSECLIDN ) s [:Iﬂ
never rooe [ |2 diys 4 week T
. t i your sgel
WTM T Bk D 3 diys & wiek D'I
WOt BA & Lmser 16 = 5%

E how will yow gE1 10 r fine] desnld- e ar baidi Di gyl & wrglk : s Dm o
mition afier Jraving tnis va? [FLLASE [ day o woni L) 5 =00 0053 5 ek L P
CHMECE A5 WANT L§ AFFLT) Sy &= D 74 - DH or older

10, Before Septemter 1, 1978, how dig
D"“ maTA By you trawel 1o and 'in- f.;d' Blace 1%, Wmat i the combimed arosd] InCoE
O im & tar META Raptd Trangit Trom watch yoo ;;1 nime travel Ting? f your entire hsipeheld?
[EWIEE &5 mANY A% APPLY)
D vl D e, [ Less tnan § 6,000
fomee D o v o )3 6,00 - 510,009
[ samst s DT'; . E §11.000 - $15,859
i
16,000 = 527,000
hngiher WTA 2 g, L
- CJotser: [ ower 327,000
D ik Rapid
Traa1 ol Loy

5, we arn wery intereiied Th GAF 116°E3, FRLLAUTARLE, BF Diher butinely estiblismmests that you visiies in Boston sy .
Woull you plesie pive the wibebliimirnl A, LEFREL S2070LL, OF ArarELl intwrsection, and the wilws of any purchasel
That pou made

Valwe of Mg Pyrchaies
tiame wd Locution of Extabliyhments Burchared !'Jﬂ gt
. L g
b. I
L. L1 a
]
b improved.

Pleaas wne thé LpACcE Drowided below or Lhe reverad Gldw of Lhe cord for rour comeents,
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Questions 1 through 7 in Figure B2 present recommended question formats and response
categories for the measures of travel behavior that are likely to be included in most user and
non-user surveys. These recommendations are based on a review and evauation of questions
asked in past surveys (including U.S. Census Journey-to-Work) and are directed to the five
basic types of surveys (See Table B-1). In desgning a survey for a particar demondration,
the evauator should follow these guiddines to the extent consigtent with the scope and
objectives of the survey.

Attitudinal Measures

Attitudina items will be used in many surveys to measure the respondent’s evaluation of the
BRT service provided, specificdly in terms of such characteristics as speed, rdiability,
convenience, attractiveness, and safety. Attitudina questions may aso be used, if gpplicable, to
determine what factors have influenced a moda change. Congruction of such items requires
caeful desgn and will lengthen the survey’s adminidration time.  Occadondly, attituding
questions may be used to obtain a profile of the community in which the trangt service is being
provided. An entire survey would then be designed explicitly for the purpose of determining the
opinions of the generd population in the BRT service area to such things as the role of
government, environmentd issues, adequacy of trangportation facilities, and desrability of travel
by aternate mode.

Examples of atitudina questions gppear throughout the aforementioned Figure B-1, and dsoin
Questions 8 and 9 in Figure B-2. The results of Question 8 can be used both to measure users
and nonrusers evauations of the BRT trangt service and the factors that have influenced their
moda choices. In combination with responses to Question 9, one can put respondents

opinions about the different travel characteridtics into proper perspective.  For example, if
severa respondents indicated that “car” hed avery high status and “bus’ had a very low gatus,
it might a first gppear that the gatus of the automobile might deter the use of bus trangt.

However, the responses would be consderably less significant if these same respondents
indicated that the “status’ travel characterigtics were rather unimportant to them.

There are no specific recommendations for the format of attitudind questions, since the design
of such questionsis entirely dependent on the particular attitudes being measured (e.g., opinions
of a very subjective item or perceptions about items which are independently measurable) and
on the overdl survey context. However, the following discusson presents some generd
informative guidelines regarding the trestment of responses to attitudind questions.

There are three types of response categories that can be used for attitudina questions. nomind,
ordind, and intervd scdes. Nomind data conssts of mutualy exclusive categories with no
implied rating of the responses (e.g., questions with “yes” “no” answers). Responses such as
“like very much,” “didike” “didike very much” represent ordind leve data, with an implied rank
ordering. Intervad datainvolves the use of numerica scaes (eg., asking people to indicate their
opinions on a scde of 1 to 5). Since interval scales require prior vaidation and careful
goplication, it is recommended that attitudind questions be limited to nomind or ordind
response categories. Moreover, it is recommended that the survey data be represented in the
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form of frequency digtributions, rather than datigtics such as means which have an implied
ranking.

Social and Demographic Measures

The inclusion of certain socid/demographic questions in surveys serves the dud purpose of (1)
providing data on respondent characteristics which might show a corrdation (perhaps even a
causa relationship) with measured behaviord attributes, and (2) providing data about
respondents which can be used in conjunction with U.S. Census data to check survey accuracy,
determine non-response bias, and extrapolate survey findings to other aress.

The amount and nature of socid/demographic information collected depends on a number of
factors, in particular, the desired length of the survey and the extent to which the data will be
correlated with behavioral data and used for extrgpolation purposes. It is recommended that
the following items be included in every survey: respondent’s sex, age, household income, the
number of autos in the respondent’s household, and availability of an auto for the particular
trip(s) made on project service (user surveys only). Depending on the survey objectives, scope,
and adminigration format, the following are some of the additiona items that might be included:
whether the respondent has a driver's license, the generd (regular) availability of an auto for a
particular trip type (e.g., work, educational level completed, occupation, and length of resdence
and employment at present location).

Examples of quesions on socia/demographic variables appear throughout Figure B-1.
Questions 10 through 18 in Figure B2 present a suggested question formats and response
categories for most of the socia/demographic measures listed above. It is considered important
to collect and code this type of data in categories which are equivaent to, or collapsible into,
U.S. Census categories, s0 as to facilitate comparisons with the same type of U.S. Census data
for the survey area (for accuracy check purposes),”® or to permit the use of other types of U.S.
Census data to amplify survey findings (with the collected data serving as a bridge between the
survey population and the U.S. Census population). Specid purpose surveys may require a
grester amount of detall about a particular socia/demographic measure, but the Sratification
should be compatible with commonly used Census breskdowns.™

NON-RESPONSE BIAS

Use of the guidelines presented in this Appendix to design and execute a survey does not insure
that the responses obtained will accuratdly reflect the characteridtics, travel behavior, and/or
attitudes towards the BRT demondtration of the entire sample sdlected even though the sample
itsdf is unbiased and totdly representative of the population from which the sample was
selected. It is possble that the characteristics, behavior, and attitudes of the part of the sample

'8 Censustract or block data on family income will be agood check on reporting accuracy .

9 See U.S. Census, Volume |: Characteristics of the Population, Part 11, Appendix B for a detailed discussion
on the format of questions. See aso “1990 Census User Guide,” U.S. Department of Commerce, Bureau of
the Census, Washington, DC, June, 1993.
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that did not respond to the survey are different from those of the part that did respond, hence
producing norresponse bias.

Pretesting of the survey indrument may or may not reved this problem when it exits. Even if
pretesting does reved the problem, there may be no effective means of diminating it. Thisis
especidly true if there is a sysematic refusd to participate in a survey by certain segments or
persondity types in the population. It is recommended here that an atempt be made in every
survey to determine whether or not non-response bias exists and how it might affect the validity
of results.

Ascertaning the exigence and the extent of nonresponse hias is problematic because it
requires additiona resources, but it is important because the nonrespondents may differ

systematicdly from the respondents in away that would affect the accuracy and interpretation of
the survey results. In mail surveys, one gpproach to obtain an indication of the direction of bias
is to do a third maling (assuming a second mailing/reminder were part of the origind survey

design) to non-respondents. A smal number of this group will respond, and the case can be
made that they are somewhat more representative of the remaining nonrespondents than the
respondents to the first two mailings. Their responses may be compared to returns of the
previous two mailings for dgnificant differences. Telephone follow-up cals are more effective
than a third mailing, but aso more expensve, and accomplish the same purpose of gauging the
views of nonrespondents. Where surveys are handed out in person, a rough indicator of

differences in the respondent and non-respondent populations can be ascertained by the
surveyors observations of the refusals. They need to be aware of any obvious characteristics
of the non-respondents that might bias the results, such as people getting off abus a a particular
stop, male versus female, age, etc. These observations, while not quantitative, might shed some
light on results during the analysis phase of the survey. The evaluator should attempt to devise a
gpecific methodology for determining whether non-response bias exists in the survey responses
obtained from the surveys being conducted.

INTERVIEWS WITH TRANSPORTATION AGENCY PERSONNEL

There are Stuations where it may be useful to conduct interviews with transt company
personnd (eg., drivers, dispatchers, mechanics, management personnel from the agency
operating the project service). In some cases, interviews could be used to develop idess for
questions and sets of responses for surveys of users and nontusers. In other cases, interviews
could be used as a check of the vdidity of collected data and survey responses.

Agency personnd may be able to provide firgt-hand ingght on whether a BRT fegture
performed as expected from afunctiona perspective. For example, drivers and mechanics
could provide information on the operating and maintenance characteristics of smart vehicle and
smart card systems. Management could provide insight into the enforcement problems
asociated with exclusive bus lanes. Dispatchers could provide ingght into the operating
characteristics of an AVL system. It isup to the evaluator to decide whether interviews with
trangt company personne would provide information needed to perform the particular
evauation, and to design the appropriate survey technique. Individud interviews and focus
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groups are other practica methods of obtaining information from agency personnel.
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Figure B-2. Suggested Formatsfor Survey Questions

1. Boarding and Alighting Points (User Surveys Only)

Where did you board this vehicle?

Nearest Street Intersection

Where will you (did you) get off thisvehicle?

Nearest Street | ntersection

Respondent should specify nearest street intersection. Coders can then translate street address to codes
representing bus stops or, if aless fine-grained analysisisrequired, zonal codes.

2. Trip Origin and Destination

Where did thistrip begin?

Street Address, City, Zip Code

Isthis place (check one)
Home
Place of employment

School

Retail/commercial establishment
Social/recreational facility
Medical facility

Personal business site

Other (specify)

[ I Sy iy Ny Sy

If the main purpose of this question isto distinguish work from non-work trips, then the categories can be
condensed to

Q Home

O Place of employment

Q Other

Respondent should specify street address. Coders can then translate street address to zonal codes, or
addresses can be geocoded using the Census Bureau’ s TIGER files and address program.

3. Trip Destination

What is (was) the final destination of thistrip?

Street Address, City, Zip Code

Isthis place (check one)

Home

Place of employment

School

Retail/commercial establishment
Social/recreational facility
Medical facility

Personal business site

OCoO0O0DD O

BRT Evaluation Guidelines

79



Q Other (specify)
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Figure B-2 (continued)

If the main purpose of this question isto distinguish work from non-work trips, then the categories can be
condensed to

Q Home
O Place of employment
Q Other

Respondent should specify street address. Coders can then translate street address to zonal codes, or
addresses can be geocoded using the Census Bureau’ s TIGER files and address program.

Another option, for interview surveys, isto have the interviewer show the resondent a map with numbered
zones superimposed, and ask the respondent to identify the destination zone.

A question classifying the nature of the trip destination, in combination with a question classifying the

nature of thetrip origin, is abetter indicator of trip purpose than a question explicitly asking trip purpose,
which can be confusing to persons making a multi-purpose trip.

4. Trip Start and End Times

What time did you begin thistrip? AM/PM

What time did you arrive at your destination? AM/PM

Depending on the survey objectives, beginning and ending times can be used as given to compute total trip
times, or they can be coded using categories such as AM peak, midday, PM peak, nighttime.

5. Access M odeto Transit Vehicle

How did you get from the place where this trip began to the place where you boarded this vehicle?
How will you (did you) get to your destination after |eaving this vehicle?

Recommended response categories:

Park and Ride

Carpool

Kissandride

Bus

Subway, Elevated Train, Railroad
Walked

Taxi

Bicycle or Motorcycle

Other

OO0 0O0DO00DD

Thislist needs to be adjusted to the demonstration site.

BRT Evaluation Guidelines 81



Figure B-2 (continued)

6. When Present Mode WasFirst Used

For User Surveys.

When did you first use (specify BRT service)?
Month Y ear

For Non-user Surveys:

How long have you used your current mode of transportation for the type of trip you are now taking?
Since: Month Y ear

7. Former Transportation Mode

How did you make this trip before (specify BRT service)?

Recommended response categories:

Park and Ride

Carpool

Kissandride

Bus

Subway, Elevated Train, Railroad
Walked

Taxi

Bicycle or Motorcycle

Other

OO0 0O0DO00DD

Thislist needs to be adjusted to the demonstration site.

8. Attitudeson Travd by Transit and Auto

On the scales below, please indicate your general opinion of cars and busesfor local travel. Base your
opinion on what you have experienced or have heard about local travel by each mode from the user’s
viewpoint. Even though you may not use the bus, you probably have some perceptions of what thisform
of travel islike; you don’t need to have tried something in order to be able to express some general
opinions.

To indicate your opinion, look at the descriptive scales below, each of which allows for arange of opinions
on aparticular characteristic, such as“comfort”. Then, mark what you consider to be the single most
appropriate description on each scale by circling the relevant number. For instance, on the “comfort” scale,
if you thought cars were avery comfortable for local travel, you would circle“1” on the scale on the line for
cars; however, if you thought they were a slightly uncomfortable form of travel, you would circle“4”, and so
forth.
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Figure B-2 (continued)

Travel Characteristic

Cost Inexpensive Car 1 2 3 4 5 Expensive
Bus 1 2 3 4 5

Enjoyableness  Enjoyable Car 1 2 3 4 5 Unenjoyable
Bus 1 2 3 4 5

Speed Fast Car 1 2 3 4 5 Slow
Bus 1 2 3 4 5

Convenience Convenient Car 1 2 3 4 5 Inconvenient
Bus 1 2 3 4 5

Status High Status Car 1 2 3 4 5 Low Status
Bus 1 2 3 4 5

Comfort Comfortable Car 1 2 3 4 5 Uncomfortable
Bus 1 2 3 4 5

M oder nity Modern Car 1 2 3 4 5 Old-fashioned
Bus 1 2 3 4 5

Safety Safe Car 1 2 3 4 5 Unsafe
Bus 1 2 3 4 5

Simplicity Simpletouse  Car 1 2 3 4 5 Complicated
Bus 1 2 3 4 5

Punctuality On-time Car 1 2 3 4 5 Late
Bus 1 2 3 4 5

9. Opinion on Transportation and Personal Trave

Below are listed a number of statements relating to transportation facilities and personal travel; you will
probably agree with some of them and disagree with others. Please answer by circling the latter which best
represents your feeling about each of the statements, according to the following codes:

A: Strongly Agree

B: Somewhat Agree

C Neither Agree nor Disagree

D: Somewhat Disagree

E Strongly Disagree

I much prefer driving acar to being a passenger in one. ABCDE
It’ s time measures were taken to discourage auto usage in downtown. ABCDE
| really can’'t see much of afuture for public transportation. ABCDE
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Figure B-2 (continued)

I could manage without a car for afew monthsif | had to.
People would use public transportation alot more if fares were lower.

I’d much rather people saw me arriving at work by car than getting off
abus.

I’ve never really bothered to find out details of what public
transportation services are available around here.

A lot of my friends and acquaintances judge people by the type of
car they drive.

It’simportant that my home be close to good public transportation.

Government investments in mass transit are a good way to help reduce
air pollution.

I’ ve go bad memories of public transportation.

Everyone has aright to drive his car just as much as he wants.

Public transportation isno use at all for journeys outside commute hours.

| enjoy driving very much.

It would hardly seem proper for someone in atop job to commute by bus.

| hate to be tied to fixed schedules for traveling.

I might use public transportation more often if it were simpler to
obtain information about routes and schedul es.

Traveling by public transportation is so much more relaxing than driving.

| often worry about being involved in abad car accident.

I’d never travel regularly by any form of public transportation, no
matter how much they improved the service.

Theidea of carpooling doesn’t appeal to me.

There should be a greater emphasis on devel oping improved public
transportation systems and less on building freeways.

I’'m always glad of an excuse to take my car out for adrive.
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Figure B-2 (continued)

10. Respondent’s Sex

For Self-administered Surveys:
Areyou

a Mae

O Femde

For Interview Surveys:

Respondent’ s sex is noted by the interviewer.

11. Respondent’s Age

To what age group do you belong?
Under 20

20-44

4564

65 and Over

ODo0Oo

These categories may be split into finer age groupings according to the nature of the BRT demonstration.

12. Respondent’s I ncome

What is the combined annual income of all members of your househol d?
Less than $10,000
$10,000 to $19,999
$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $69,999
$70,000 to $79,999
$80,000 to $89,999
$90,000 to $99,999
$100,000 and Greater

[y oy A

These categories may be further subdivided or combined depending on the survey objectives and expected
income distribution of the respondent population.

It isimportant to use the word “annual” or “yearly” in order to obtain responses on a consistent basis.
Moreover, if deemed appropriate, the question can be phrased to refer to the most recently ended calendar.
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Figure B-2 (continued)

13. Auto Availability

Was acar availableto you for thistrip?
Q Yes, but without inconvenience to others
Q Yea, but with inconvenience to others
a No

Information on the availability of acar for aspecific trip or time period is the most direct way of determining
auto availability and its possible influence on mode used.

14. Auto Ownership

How many cars (including vans, SUV's, pickup trucks, and other passenger vehicles) are owned or operated
by members of your household?

Q None
a1

a 2

Q 3ormore

15. Whether Respondent Has Driver’sL icense

Areyou alicensed driver?
Q Yes
Q No

16. Respondent’s Occupation

Areyou:
Q Employed
O Student
O House spouse
O Retired
Q Other

If you are employed, describe briefly the kind of work you do:

The second question should be included in the survey only when there is a specific need for using
employment data. To perform the coding for this question, it is necessary to obtain a description of the type
of work actually done aswell asjob title. The coder may use the following codes for the open-ended
question:

BRT Evaluation Guidelines 86



Figure B-2 (continued)

Professional, technical and kindred workers
Managers and administrators, except farm
Salesworkers

Clerical and kindred workers

Craftsmen and kindred workers
Operatives, except transcripts

Transport equipment operators

Laborers, except farm

Farmers and farm machinery

Farm laborers and farm foremen

Service workers, except private household
Private household workers

17. Respondent’s Educational L evel

What isthe highest level of education you attained?

OCoO0O0DD O

No formal schooling

Grade school

Some high school

High school

Some college

College degree

Some graduate work or graduate degree

18. L ength of Residence

When did you move to your present residence?

Y ear
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